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ABSTRACT 


Two mutator mutants of yeast, mut7-1 and mut8-1 were found to 
segregate from a mutator strain which had been isolated on the basis 
of enhanced spontaneous mutation following EMS mutagenesis (von Borstel 
and Quah, unpublished data). The double mutator mutant was shown to 
confer a large enhancement of spontaneous mutation at many loci. This 
enhancement was much greater than the sum of the mutator activities 
of mut7-1 or of mut8-1 alone; these latter confer low mutation rates 
which are often comparable with non-mutator strains of yeast. 

The mut7-1 allele was shown to confer a temperature-sensitive- 
lethal phenotype. This phenotype co-reverted and co-segregated with 
the following phenotypes: sensitivity to MMS, enhanced spontaneous 
intragenic recombination, and the original mutator activity. 

The mut6-1-mediated mutator activity was found to be associated 
with increased numbers of (hts1-7) revertants which arose in Gl, 
stationary phase cultures, following exponential cell growth. The 
temperature-sensitivity of mut7 mutants causes cells to arrest in the 
Gi stage of the yeast cell cycle at the restrictive temperature. The 
large enhancement of spontaneous mutation seen in mut/mut& strains at 
the permissive temperature might be caused by the interaction, in Gl, 
of the phenotypes conferred by both mutators. 

Crosses of mut7-1 or of mut8-1 to the mutators muti-1, mut2-i, 
mut3-1, mut4-1, mutd-1, mut6-1, mut9-1, and rad5d2-1 has established 
that mut? and mut& are not allelic with these mutator loci. Four 
different phenotypes were noted in double mutator mutant spore clones 
segregating from these crosses. Mutator activity in many double 


mutator mutants was additive in terms of the mutator activities shown 
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by the separate mutators (as indicated by revertant frequencies for 
the auxotrophies caused by lys1-1 or hts1-7), which implies that 
those mutators did not interact. In other double mutator mutant 
strains, the mutator activity was synergistically enhanced over the 
Separace aceivities. im some combinations, the mutator activity of 
one mutator could account for the numbers of revertants observed in 
a double mutator mutant (an epistatic interaction). The fourth 
phenotype noted in segregating double mutator mutant spores was 
spore lethality. 

ihe “interaccrons between mutcators are discussed an terms of the 
channelling theory of spontaneous mutagenesis, and in terms of spon- 


taneous lesions introduced into DNA during its repliction or repair. 
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INTRODUCTION 


The generation of spontaneous mutations in yeast has been exten- 
sively examined by von Borstel et al. (1973), Hastings 26 al. (1976) 
and Quah (1979). These studies have correlated alterations in spontan- 
eous mutation rates with changes in the cell's ability score repair 
spontaneously occurring lesions in DNA with high fidelity, in two ways. 
Mutants defective in the repair of radiation damage were found to have 
abterations in spontaneous mutagenesis (Hastings et ala, 1976). 

Mutator (mut) mutants (von Borstel et al., 1973) or antimutator (ant) 
mutants (Quah, 1979) isolated on the basis of enhanced or reduced 
spontaneous mutation, respectively, frequently had alterations in DNA 
repair parameters, such as radiation sensitivity (Hastings et al., 

1976, Morrison, 1978). In at least two instances, the mutants isolated 
for altered spontaneous mutator activity have been found to bevallelic 
with mutants isolated on the basis of defects in the repair of radiation 
damage. [For example, the rev3-1 allele (isolated on the basis of 
reduced levels of UV-induced mutation; Lemontt, 1971) was found to be 
allelic with ant2-1, isolated by Quah and Lynch (unpublished). Similarly, 
muté-1 was found to be allelic with the radiation sensitive (rad) 
mutant, rad5d1-1 (Morrison, 1978).] 

In spite of these findings, the sources of spontaneous lestons in 
yeast DNA (as the substrates for spontaneous mutagenesis) remain unknown, 
as do the mechanisms by which these lesions are processed into mutations 
in this organism. However, there are but four mechanisms known for 
causing a spontaneous mutation: replication of base mispairs in DNA, 
repair of base mispairs, and insertions and deletions of bases. The 
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latter two have been shown to be the major sources of spontaneous 
mutation in the Zac I gene of #. colt (Farabaugh et al., 1978). 
However, since deletions and insertions of more than one base normally 
octur infrequently rn yeast. (but see’ Klar et al., 1979)’, these’ will not 


be considered as major sources of spontaneous mutations in this thesis. 


A. Replication of Base Mispairs in DNA 

In the absence of repair processes, a replicable mispair in the double 
stranded DNA, whatever its source, may be replicated to create two new 
duplex DNA molecules, each differing by one base pair. The categories 
of base mispairs are numerous. C-A, T-G, Py-Py (opposing pyrimidines) 
and Pu-Pu (opposing purines) are*misparrsw(see’ Topal/*and* Fresco, 1976, 
for mechanisms by which these may arise) created by unaltered bases 
misincorporated into DNA. Tautomeric shifts were proposed by Watson 
and Crick (1956) to cause Py-Pu mispairs. Further types of mispairs 
can be caused by pyrimidine dimers (reviewed by Witkin, 1976), insertion 
of base analogues with altered keto-enol ratios (Kirchner, 1960), 
alkylation of bases in DNA (reviewed by Cerutti, 1975), and deletions or 
additions of one base in one strand of the duplex (frameshifts; Magni 
1963; Magni and von Borstel, 1962; Streisinger et al., 1966) such as 
might be induced by intercalating agents (Ames and Whitfield, 1966) 
or by A-T°or®.G-C runs (Streisinger et al., 1966) .© It*is: generally 
believed that semi-conservative replication will not occur opposite 
pyrimidine dimers. However, (repair) polymerization of bases opposite 


such non-replicating lesions could occur (see Witkin). 
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Spontaneous mispairs may arise as a function of DNA synthesis, from 
tautomeric shifts just prior to replication (Watson and Crick, 1956), 
from polymerase errors (Speyer, 1965), from poor editing of replicated 
base mispairs (Goulian, Lucas and Kornberg, 1968; Hershfield and 
Nossal, 1973), from alterations in the cell-mediated modification of DNA 
(Marinus and Morris, 1974; Glickman, 1978) or from modified DNA per se 
Coulondre et al., 1978). Cell-mediated mispairing of DNA might also arise 
during generalized recombination (meiotic, conjugative or mutagen 
induced), by the bringing together of homologous DNA strands from 
different chromosomes to create heteroduplex DNA (Holliday, 1962). 

These strands might differ in at least one base pair due to Py-Pu, Pu-Pu, 


Py-Py mispairs, or due to frameshift mutations (Magni, 1963). 


as The Mutagenic Repair of Spontaneous Lesions in DNA 

Since many of the induced mispairs noted above are excised by 
celihu Lar wepair mechanisms) (for van excellent meview, seeyiMolecular 
Mechanisms for the Repair of DNA", 1975, ed. Hanawalt and Setlow, 
Plenum Press) it would seem natural for spontaneously occurring lesions 
in DNA to be removed in the same way. Hastings et al. (1976) proposed 
that such spontaneous lesions were not free to segregate into daughter 
cells as mutations without having been first subjected to cellular 
repair processes. The proposal was based on the observations mentioned 
above, and upon the pathway hypothesis for UV-induced mutation first 
proposed by Witkin (1969). This hypothesis has been used to categorize 
repair of UV-damage in yeast by Cox and Game (1974), who proposed that 


primary lesions induced in yeast nuclear DNA by UV-irradiation may be 
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repaired in one of three ways: by excision repair, recombination repair 
or mutagenic repair. The first two pathways have been more clearly 
resolved than the third, which has been defined mainly by mutants which 
reduce UV-induced mutagenesis, or by the increased UV-induced mutation 
frequencies of excision-repair defective mutants (for reviews see Morrison, 
1978; Lawrence and Christensen, 1976; Haynes, 1975). 

A large number of rad mutants have been isolated by different 
experimenters (see Game, 1975). These have all been considered to be 
Plocwed™iir One, or themthree’ modes or repair described, Mutants of 
excision repair tend’ to be sensitive to ultraviolet. (UV) irradiation and 
not sensitive to y or x-irradiation compared to RAD’ strains. Mutants 
of recombination repair are usually more sensitive to y-irradiation 
than to U.V. irradiation. 

When one of three pathways is blocked in a rad mutant, UV-induced 
lesions may be channelled into one or both of the other two. The muta- 
tions derived from the primary lesions (base mispairs caused by pyrimidine 
dimers, in the context described above) would be expected to increase or 
to decrease, depending on which pathway had been blocked. 

Hastings et al. (1976) contended that the same might be true of 
spontaneous mutation. Hence, if one non-mutagenic repair pathway for 
spontaneously occurring mispairs in DNA were blocked by mutation in a 
yeast strain, that mispair would be channelled more frequently into the 
mutagenic repair pathway, and so the strain would be a mutator strain. 

One prediction of this hypothesis, based on results from UV-induced 
mutagenesis (Cox and Game, 1974), was that two repair mutants, a and b, 


which affect the same non-mutagenic repair pathway for a spontaneous 
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mispair, would be epistatic for enhanced mutation rate in the double mutant 
a,b. It was also implied that a second type of epistasis was likely to 
appear. If a mutation in a repair gene resulted in the blocking of the 
mutagenic repair pathway, that mutation would be epistatic to another 
repair mutation that caused enhanced spontaneous mutagenesis by the 
channelling of mispairs into mutagenic repair. The original spontaneous 
lesion might use another non-mutagenic pathway. If all pathways were 
blocked, the mispair might segregate into a daughter cell as a mutation 

if) anyeeases hor, itema cht killathe cell. 

Another prediction, also based on the pathway hypothesis, would be 
that if the two non-mutagenic repair pathways competing for one spontan- 
eous lesion were blocked, the number of lesions using the third, 
mutagenic pathway would be synergistically enhanced. The spontaneous 
mutation rate should therefore increase drastically. 

This implication of DNA repair in spontaneous mutagenesis does not 
refute the replication-mutagenesis hypotheses. It remains to be shown 
that spontaneous mutagenic repair is not a cell-mediated ability to 


replicate a mispair, or to ignore a mispair created by replication. 


Ce The Isolation of Mutators in Yeast 

It was in the context of examining all possible sources of spontan- 
eous mutations that the mutator strains of yeast or of £. colt were 
originally isolated,(von Borstel et al., 1971; for a review of &. colt 
muteators, see Cox; 1976). In the case of the yeast: mutators the afore- 
mentioned correlation of mutator activity with defects in the repair of 


induced lesions in DNA was soon noted. Since the proposal of Hastings 
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CE<Gl? (G7G)% that spontaneous mutation may be mediated by mutagenic 
repair mechanisms, Quah (1979) has identified at least one such pathway 
in yeast. The rev3-1 allele is a spontaneous antimutator (Quah, 
unpublished data). This allele is epistatic to rad3-1 and to radi1&-1 

in double mutant combinations. Normally, rad3-1 and rad18-1 both confer 
a mutator phenotype. Each is thought to block one of the aforementioned 
repair pathways. Strains bearing rev3rad3, or rev3rad18 have low spontan- 
eous mutation rates resembling those of revd strains. 

From these results, mutator loci of yeast may now be considered 
eithéereast!sources) of spontaneous, lesions to be handled» by cellular 
mutagenic), repairssystems) (whether or not! their respective MUT" alleles 
axe anvolvedt inirepairumechanisms), or)as possibly defectiverrepairydoci. 

By utilizing the 100-compartment fluctuation test for lysi-1 locus 
reversion and lysl-1 suppressor mutations (lysl-1 is an ochre allele), 
and for htsi-7 reversion, von Borstel et al. (1971), Gottlieb and von 
Borstel (1976) and Quah and von Borstel (unpublished results) have defined 
ten mutator loci (mutl1 to mti10), that confer mutator activity at these 
loci.) The integration: of these: mutator loci into the general theory of 
yeast repair has already been initiated by Hastings et al. (1976), 
Morrison (1978), Nasim and Brychcy (1979) and Quah (1979). This study 
reports the phenotypes of two mutator alleles, mut/7-1 and muté-1, 
and novel interactions of these alleles with other mutator mutants in 


double mutator mutant strains. 


Ds mut? and mut 


Of the original mutator alleles isolated by von Borstel et al. (1971), 
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mut/7-1 and muté-1 seemed to have exceptional properties. The two alleles 
were isolated in one strain following treatment with ethylmethanesulfonate. 
This strain had one of the highest mutation rates observed in any of the 
mutator strains (Quah and von Borstel, unpublished). In addition, and 
unlike many of the other mutator loci, the strain showed greatly enhanced 
numbers of Zys1-1 locus revertants, as opposed to suppressors (of this 
ochre allele). 

It was not clear how this strongest of mutator strains could be 
incorporated into any of the aforementioned repair or replication schemes. 
The fact that neither mut7 nor mut& alone conferred the large enhancement 
of spontaneous mutation seen in mut/7 mut& strains seemed to conform to 
one aspect of the channelling hypothesis: the blocking of two pathways 
which normally compete for the same spontaneous lesion will synergistically 
enhance the number of lesions using a third (mutagenic) pathway. 

An attempt to obtain an understanding of these mutators in terms 
of the existing theoretical framework for spontaneous mutagenesis 
evolved into three areas of study. 

The first step was the independent examination of the two mutators 
contributing to the mut7 mut&-mediated mutator activity, for pleiotropic 
effects of these loci on strains bearing them. 

The second step was to examine the separate loci in haploid strains 
also bearing other mutator alleles (e.g., muté8 mut1). This was to determine 
that mut7 and mut8 were not aa with other known mutators, and to 
test whether such double mutator mutants would confer epistatic, additive 
or synergistic enhancements in spontaneous mutation rate when compared 


with either single mutator allele. Synergism will be defined as any 
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greater-than-additive enhancement of mutation rate. Additivity means 
that the sum of the rates conferred by the separate mutators are equal to 
the rate seen in the double mutant, while epistasis means that the 
rate of the double mutant equals that of one of the single mutants. 
Additivity of mutation rates (which implies that two processes contribute 
independently to the spontaneous mutation rate observed) was considered 
to be the null hypothesis of no interaction between different mutator 
POCi. 

The third line of investigation was derived from the second. We 
wanted to ask whether additive, epistatic or synergistic interactions 
of mutator loci would be the same regarding alterations in spontaneous 
mutation at different test loci. Revertants of the auxotrophies hts1-7 
and Zysil-1 were compared since these have been well characterized in 
previous studies (von Borstellet al:, 19713 Flury et* ate, 1976; and 


Gottlieb and von Borstel, 1976). 
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MATERIALS AND METHODS 


NE Strains 

All mutator mutants studied here were induced in strain 
X1687-12B (obtained from R.K. Mortimer) by von Borstel et al. (1971), 
with the exception of radiation sensitive (rad) strains bearing 
radd1-1 isolated by Nakai and Matsumato (1967), or radéd2-1, isolated 
by Resnick, 1969). All mutator stocks have been crossed at least twice 
to non-mutator strains prior to this study. 

Japle i ishows =the eenotypes of strains used to construct: stocks . 
a and a identify mating type alleles. The abbreviations fis, lys, 
hom, ade, trp, arg, leu, and ura designate recessive alleles whose 
presence (1 haploids) HeSuULES in auxotrophy forvhastidine, lysine, 
homoserine, adenine, tryptophan, arginine, leucine and uracil, respectively, 
Cryptopleurine resistance is designated by ery. Mutator loci are 
identified by the abbreviation mut. The particular locus and allele 
number are identified by the numbers following the three-letter 
desvenation. At" in italics) following -the latter indicates that 
the allele or locus does not confer a mutant phenotype for the 
trait concerned. 

Genetic manipulations of mut7-1 strains and of revertant alleles 
(e.g. mut7-1<11) are summarized in Table 2 (and in the Appendix, 
Figure Al). 

Table 3 shows strains employed to eliminate genetically ts 
markers (other than mut7) from each mutator background genotype. 


Table 4 indicates the mutator strains used to cross to the mut7 strain 


v 


aye 


‘Vareey’ te dar te ube pr 


sdpreed mripeate Re aig) aa a 


TD) ye i 


boverord, tS anh ho tj ; veakit ae & 


aisine sedol Fz nae ond. alt baad 


Agere Fours eras on Bory ares ite Ne 


-* Ft wa bl : : i ot Bo | rea ae 
oh yi (ees soni ts sib vot tise oF re a ord 


oa ; 
tie re ioe! 


‘Bea cel oie sitdenaes Jridebabs iat 


#7%. ‘fogs res ae Ks ¢d -tadimtinat a Seiks 


gieity-bre! gual reLusbhaa ‘ett ae saisatvardde 


Total ~eguds 1 els time wielt 
rau? ehteg ing 18d s4l site ani . 

ite $08 aiden) ate ‘a saben 

" - ; | urs ek ais 


i 


Pat aa ey Pea “st ae hi on 
eral Sine reid 07 Mabey TSF es oi elie j 
ov itharsst ofan hs dit: at tat i 


site 


RO428-6B, for allelism testing and subsequent tetrad analysis of each 
double mutator heterozygote synthesized. Strain RO428-6B carries a 
revertant of mut7-1,allele mut7-1-11. Table 5 indicates the 
mutator strains used to cross to the mut8-1 strain RO88-1C for the 
same purposes. 

The construction of stocks bearing only htisi1-7 and combinations 
of mut7 and/or mut8 for studies of forward mutation to auxotrophy 
is illustrated by Table 6. 

Table 7 gives the genotypes of tester strains used to 
determine genotypes for a or a alleles, for his auxotrophs, and for 
the mutators. The LZ13 and RO122 strains were employed as tester 
strains for htsl allele determination. 

The double mutant mutator haploid strains shown in Table 8 
are those which have been confirmed by outcrossing to the mut 
testers shown in Table 7. The procedure employed is illustrated by 
the following examples: presumptive mut7 mutl double mutants were 
crossed to mutl1 testers for muti allelism testing of the former. 
Presumptive mutl mut8 strains were crossed to mut& testers to test 
for the presence of mut& in the former. The presence of muté 
homozygotes in the latter situation was confirmed for ftsi1-1 
homozygous strains by using 3 ug/ml (3y) limiting histidine Lassie 
test plates, instead of the usual 1 ug/ml (ly) histidine (see Media). 
The results of these complementation tests are shown in the Appendix, 


Table A2. 
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TABLE 2: (continued) 


Diploid 

Strains Source 
RO400 RO1-90A/KF179-15A 
RO401 RO400-8A/KF178-44D 
RO402 RO400-8B/KF179-15A 
RO403 RO400-8C/KF179-15A 
RO404 RO400-8D/KF178-44D 
RO40S RO400-8A/XV731-10A 
RO406 RO400-8B/XV731-3D 
RO407 RO400-8C/XV731-3D 
RO408 RO400-8D/XV731-10A 
RO409 RO400-8A/RO400-8D 
RO410 RO400-8C/RO400-8D 
RO411 RO400-8A/RO400-8B 
RO413 RO401-14B/RO401-15C 
RO415 | RO401-15C/RO400-10C 
RO416 RO401-15C/RO405-2D 
RO417 XV185-6A/KF179-15A 
RO422 RO415-8C/XV731-3D 
RO423 RO415-9C/XV731-10A 
RO424 RO415-8C/RO415-9C 
RO425 RO402-6A/RO403-4A 
RO426 RO402-6A/RO415-8C 
RO427 RO417-13A/RO403-4A 
RO428 RO417-13A/RO415-8C 
RO429 RO403-4A/RO415-9C 
ROS16 RO428-6B/RO428-6C 


* see Table 5S. 
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TABLE 8: Genotypes of designated double mutator mutant strains 
crossed to mt tester strains for confirmation of the 
presence of particular mut loci by complementation tests 


Haploid 

Strain Genotypes 

RO81-2Aa mutl-1,mut7-1 hts1-7, lys1-1,hom3-10, ade2-1, trpi-48 
3Ca ” i " " " tr " 
4Ca ' ’ w " " " df 
SCa y f hts1-1, lys1-1, ade2-1, trps-48 
6AQ ad " " " a ” 
7Ba ‘is A his1-7, lys1-1, hom3-10, ade2-1, trps-48 
10Ba “ y hts1-1, lys1-1,ade2-1, trps-48 
11A0 " y his1-7, lys1-1, hom3-10, ade2-1, trp5-468 


RO101-1Ba muti-1,mut8-1 htsi1-1,lysi-1,ade2-1, trps-48 
tl 


2Da hts1-1, lys1-1,ade2-1, trp5-48,arg4-17 

7Ca Mf 4 his1-7, lys1-1, hom3-10, ade2-1, trp5-48, arg4-17 
8Ba as ae " " it " as " 
10Ba ue a his1-7, Lys1-1, hom3-10, ade2-1, trpo-48 


RO82-1Ba mut2-1,mut7-1 hisi-1,lysi-1,ade2-1, trp5-48,arg¢-17 
’ " 


2Ca his1-1, lysi-1,ade2-1, trp5-48 

3Ca a his1-1, lys1-1,ade2-1, trp5-48 ,arg4¢-17 

SAa eee hts1-7, lys1-1, hom3-10, ade2-1, trp5-48 

6Ba u u his1-1, lys1-1, ade2-1, trps5-48 

8Ba u his1-7, lys1-1,hom3-10,ade2-1, trp5-48 

9Ca x i his1-1, lys1-1,ade2-1, trp5-48,arg4-17 

10Ba is uf his1-7, lys1-1, hom3-10,ade2-1, trp5-48 

RO102-1Ba mut2-1,mut8-1 his1-1,lys1-1,ade2-1, trp5-48,arg4-17 

2Ba " " ” ” " hd vt 
4Da ft et his1-7, lys1-1, hom3-10,ade2-1,trpi-48, arg¢-17 
6Aa Z { his1-1, lys1-1,ade2-1, trp5-48 
7Ba i his1-7, lys1-1, hom3-10,ade2-1, trp5-48, arg4-17 
10Ba i "  higi-1, lys1-1,ade2-1, trp5-48 


RO83-1B0 mut3-1,mut7-1 his1-7, lys1-1,hom3-10, ade2-1,trps-48 
" i 


ACG his1-1,lys1-1,ade2-1, trp5-48 

6Aa, as A hts1-7, lys1-1,hom3-10, ade2-1, trp5-48 

9Ba " ’ tr " " tr " 

10Aa tl " " ad " wt iad 

RO103-1Aa mut3-1,mut8-1 hts1-1,lys1-1,ade2-1, trps-48 

2Ba " 1" " " " " 
SBa ” i? 7 ad " w 
6Ca ir L hts1-1, lys1-1, hom3-10,ade2-1, trp5-48,arg4-17 
8Ca if if hts1-1, lys1-1,ade2-1, trps-48 


10Aa - uy his1-7, lys1-1, hom3-10, ade2-1, trp5-48 
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TABLE 8: 


Hap loid 
Strain 


RO84-1Aq 
2Aa 
3Da 
5Ca 
8Aa 
9Ca 

10Ba 


RO104-1Da 
4Aa 
6Ba 
8Ba 


RO105-1Ca 
2Aq 
5Ca 
6Aa 
8Da 

10Aa 


RO106-4Da 


RO512-1Ca 
2a 
3Co. 
5SBa 
6 Ba 

10Aa 


(continued) 


mut4-1,mut7-1 


mut6-1,mut8-1 
” " 


" 
" 


’ 


” 


Genotypes 
hts1-1, lysl-1,ade2-1, trp5-48, arg4-17 
" dd " " " 


hts1-7, lys1-1, hom3-10, ade2-1, trp 5-48 
hts1-1, lys1-1,ade2-1, trp5-48, arg4-17 
' " "” ” " 


" " ad ” " 


hts1-1, lys1-1, ade2-1, trp5-48 

hts1-7, lys1-1, hom3-10,ade2-1, trp5-48, arg4-17 

hts1-1, lys1-1,ade2-1, trp5-48, arg4-17 

hts1-1, lysl1-1,ade2-1, trp5-48 

, " ” " " 

hts1-7, lys1-1, ade2-1,hom3-10, trp5-48 

his1-1, lys1-1,hom3-10, ade2-1, trp5-48, arg4-17 
” 7 " t i " 


hts1-7, lys1-1, hom3-10, ade 2-1, trp5-48 
" tt ” tr ad 


hts1-7, lys1-1,ade2-1, trp5-48, arg4-17 
’ ’ " ' 


hts1-7, lys1-1,hom3-10, ade2-1, trp5-48, arg4-17 
hts1-1, lys1-1,ade2-1, trps-48, arg4-17 
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B. Media 


All recipes are for solid media. 


Bacto-agar was omitted. 


shaking. 


YD 


YG 


MC 
(Mortimer 
Complete ; 
See von 
Borstel et 
Gling? 957-5) 


Omission 
media 


Minimal 
medium (min) 


cry 
medium 


FS 
(sporulation) 
medium 


For liquid: YD or MC medium 


All liquid cultures were incubated with 
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:1% Bacto-yeast extract, 2% Bacto-peptone, 2% Bacto-dextrose 


and 2% Bacto-agar in distilled water (600 ml of medium). 


sidentical to YD, except that 3% glycerol replaces 


dextrose. 


:0.67% Bacto-yeast nitrogen base without amino acids, 


2% dextrose and 2% Bacto-agar; 24 mg of each of 
adenine, uracids, arcincine; shisita dinesa lysane;, 
tryptophan and methionine, 36 mg of Leucine and 


420 mg of threonine in a total of 36 ml of stock 


solution per 1.2 liters, of medium. 


-MC without one or more of the amino acid or base 


supplements. These are referred to as '-(abbreviation 


for supplement)"; for example '"'-his". 


:MC without any amino acid or base supplements. 


:2 um crytopleurine (Chemsea Pty) per liter of 


CUP 


:1% potassium acetate, 0.1% Bacto-dextrose, 


0.25% Bacto-yeast extract, 2% Bacto-agar, with 


amino acids and bases as in MC, in distilled water. 
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Tetrad 
Dissection 
medium ~ 


Lassie test 
media 


24 mg lysine 
C20 ye ly s)”) 


6 mg lysine 
eNSsy Ivis 


1.2; mg 
histidine 
Sie che") 


3.6 mg 
histidine 
(sy) nas") 
72 mg lysine 


Buffer 


:YD with 3% Bacto-agar. 


:MC with reduced histidine or lysine to limit growth 


in histidine or lysine requiring strains, respectively, 


as follows 


identical to MC; lysine limits growth. 


:lysine limits growth. Unless otherwise noted 


"limiting lysine'' refers to 5y lysine. 
Wy wih 


shistidine limits growth. Unless noted, "limiting 


histidine" refers to ly histidine. 


-histidine limits growth. This was used to test 


spontaneous reversion of the htsi-1 allele in 
presumptive mut8/muté, his1-1/hisi-1 strains 


(see Appendix, Table A2). 


:0.2 M KoPO, buffer (monobasic) was utali zed . for 


all experiments and all handling of stocks, except 


where noted. 
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c: Handling of Stocks 


All strains were incubated at 26°C unless otherwise noted. 


i. Haploids 
Stocks were maintained as haploids, and were stored on YD 
medium at 4°C. Strains to be used were streaked or plated onto 
YD medium for single colonies and incubated at 26°C for 3-4 days. 
Tree clones were generally picked per strain and transferred in 


part to two YD master plates. The remainder of each colony was 


then suspended in buffer at 1-5 x 10° cells/ml, to assay for spontaneous 


mutation frequencies (Lassie tests; see below) and for mutagen 
sensitivities (spot tests; see below). Following 1-2 days incubation 
at 26°C, one YD master plate was replica-plated to omission media to 
test strains for auxotrophic markers and mating type, to YG medium 
for the detection of petite (p ) isolates, and to three YD plates. 
One YD replicate was y irradiated (40 krad; see below) and incubated 
at 26°C for 2-3 days, to allow the detection of y-sensitive isolates. 
The second YD plate was incubated at 34°C (another YD replicate was 
also mmncubated at 56°C 1n the latter part of the study) ror the 
detection of temperature-sensitive isolates. The third YD replica 
served as a control for the other two. The other YD master plate was 
refrigerated for future use, or was used as a second master plate 


when testing for mating type (see below). 
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The Mating 
Normally, to construct diploids, log-phase cells of 

Opposite mating type were streaked from YD medium and mixed together 
thoroughly on a fresh YD plate. After allowing 4-6 hours at 26°C 
for conjugation, zygotes (with buds centrally located) were removed 
to a new location on the plate by use of a de Fonbrune micromanipulator 
The YD ‘plate was incubated for 2-3 days at °26°C to allow the zygotes 
to form colonies. 

Selected or forced matings were performed several times in this 
Study. “Iwo types will be noted here. 

Rapid method for mating-type determination: those strains 
bearing fAtsi1 were tested for mating type alleles by replica-plating. 
Two -his plates were seeded, each with one of a fresh, "al or "a", 
hesS “tester strain (Table’7); shortly before conducting’ the replica- 
plating mentioned above. The seeding was most easily accomplished 
by suspending the tester strains separately in buffer at v10’ cells/ml, 
then spreading 0.5 ml of each suspension completely over separate -his 
plates. After the seeded plates dried, each was imprinted with the 
strains to be tested (using separate velvets and different master plates 
from the replica-plating series). Only strains complementing both 
for mating-type and for hits genes mated and grew on the seeded -his 
plates. Plates were scored after three days, for growths \ vhas 
technique was also used to confirm a/a diploid phenotypes. Since 
the latter won't mate with haploid testers, complementation of the 
different Wis loci could not occur. The test may be used as a rapid 


screen for diploid mating type alterations (e.g. a/a versus aparOr a). 
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The second type of forced-mating was a procedure adapted from 
that of Savage (1979). It was used to distinguish between fhts1-7 and 
htsi-1-bearing haploids, by force-mating the (lysi,ade2) strain bearing the 
unknown allele to Mtsl1 tester strains (see Tables 55 and 56). The 
htsl1-1 tester strains bore lys1 and adel, while the hisl1-7 tester strains 
bore lys2 and ade2 (Table 7). Forced-mating occurred on -ade or on -lys 
medium. Presumptive diploids were restreaked to -ade or to -lys medium, 
tested for diploidy as described above, and tested for Wis1 allelism by 
assaying for U.V.-induced ( ‘13 joules/m*; see below) recombination at 
hts1. Recombinants were observed as large numbers of HIS" prototrophic 
clones arising in small streaks of htsl1 heteroallelic diploid cells 
on -his medium, 2-3 days after U.V. irradiation. Homoallelic 
hts1 diploids beoaueed few Or-no prototrophic clones per streak. 
In some cases, the U.V. results were confirmed by testing for enhanced 


aU A, Pe ; 
HIS1 prototrophy using histidine Lassie tests (see Results). 


os Diploids and Sporulation 
Diploid strains isolated as described in the previous 
section were tested in a manner identical to that described for 
haploids, with the following alteration. As part of the treatment 
of single clones, a small quantity of cells was streaked onto FS 
medium, and allowed to sporulate at 26°C for 5-7 days. Greater than 
10% sporulation was observed in all strains, including rad 


heterozygous diploids, as determined by ascus formation. 
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4, Tetrad Dissection and Germination of Spores 
Sporulated diploids were streaked from FS medium and suspended 

in 0.5 ml of glusulase (Endo), previously diluted 1/10. Following 
20 minutes incubation at 26°C the ascus walls were digested 
sufficiently to allow tetrad dissection. The suspension was then 
diluted by the addition of 3 ml of buffer and refrigerated until used. 
Tetrads were dissected by micromanipulation (de Fonbrune) of spores 
onto an agar slab, normally within one week of the glusulase 
treatment.. These were incubated for 3-5 days at 26°C (20°C.in .the 
latter part of the study) to allow germination and colony formation to 
occur. Each spore colony was then analysed as was described for 


haploud strains . 


D Measurements of Repair Parameters 
1. Spontaneous Mutation and Mutator Phenotype Assay: 
iewlassie fest 

This test has been described and compared with the 1000 
compartment fluctuation test by von Borstel (1978). It yields a 
mutation frequency of "revertants per Lassie test plate'’. For 
this assay, yeast requiring histidine and/or lysine was seeded onto 
medium where either histidine or lysine limited growth. The same 
number of cells from the same isolate was plated to -his or -lys 
medium as was plated on limiting histidine or lysine mediun, 
respectively. Pre-existing and other spontaneous revertants to 
prototrophy for the limiting amino acid continue to divide after 


that supplement is exhausted, and form colonies. Unreverted cells 
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form a background lawn on the agar medium. Prototrophic clones which 
appeared on the omission plates were considered to be derived from 
pre-existing revertants. These clones were subtracted from those 
appearing on the respective limiting medium to obtain the Lassie 
score. A mutator yeast strain would be expected to produce more 
prototrophic clones on limiting medium and therefore to have an 
enhanced Lassie score. 
The alleles used to test spontaneous reversion for histidine 
and lysine auxotrophs were normally hztsi-7 and lysi-1, respectively. 
Revertant clones on each limiting medium were of two types. Crossfeeders 
comprised roughly 40% of his1-7 revertants (and about 80% of hts1-1 
revertants, in agreement with» Fogeliset wale, 1 978)ias idetected- by a 
halo of increased growth around the revertant clone. These prototrophs 
were usually included in the total histidine Lassie score. 
Mutations which suppressed the ochre allele /ysi-1 formed white 
colonies on limiting lysine medium, and comprised approximately 90% 
of the total numbers of revertants. Locus revertants of lysi-1 
comprised the remaining revertant colonies formed, and were often 
detectable as red prototrophic colonies (Schuller and von Borstel, 1973). 
When describing revertants of these auxotrophs, numbers of 
pre-existing prototrophs are generally shown in parentheses .,,,Where 
"jackpots" (relatively large numbers of pre-existing revertants) exceeded 
75% of the revertants observed on limiting medium, the total number 
of revertants on limiting medium was tabulated, instead of the 
usual "total revertants minus pre-existing revertants''. Alternatively, 


the abbreviation "JP'' was substituted for the Lassie score. 
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All strains were tested routinely for mutator activity using the 
Lassie test. Cells were pre-grown and then suspended in buffer as 
described in section Cl. Equal amounts of cell suspension were then 
pipetted to -his, limiting histidine, -lys and limiting lysine 
medium (0.5 or 0.33 ml/plate) and incubated at 26°C for six days. 
For ly his, 3y his, and Sy lys plates, this incubation time was 
normally sufficient to allow the expression of more than 90% of the 
revertants seen after 14 days' incubation, except where noted. 
Higher limiting concentrations of supplement necessitated longer 
incubation time, and sometimes did not result in proportionately 
greater numbers of revertants , (data not shown). 

Prototrophic colonies were counted with a Biotran II colony 
counter (New Brunswick Scientific Co., Inc.) or by hand if there 
were fewer than 30 estimated colonies per plate. The colony 
counter allowed a constant area on each plate to be scanned for 
clones. When the number of unreverted cells per area scanned was 
estimated, the Lassie test could be converted into an assay for 
spontaneous mutation rate as follows: after revertant colonies were 
counted, an agar plug 39.6 mm* in surface area bearing unreverted 
cells were removed from the limiting medium plates into one ml of 
buffer. The number of unreverted cells/ml (or/plug), N, was determined 
by hemocytometer count. The area screened by the colony counter was 
4730 mm*; the ratio of plate area screened to plug area counted was 
119.4. Hence the spontaneous mutation rate, M, can be calculated 
from Lassie scores by 


eieaD 


Moe 5 leationsrates pert celdis per:divasion 
2N x 119.4 
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where 'm' is the number of revertants observed on limiting mediun, 
"nm" is the number of pre-existing revertants, and the factor of two 
accounts for the presence of twice as many cells (in a stationary 
phase culture) as there were cell divisions. 

For one experiment a plug of a different size was used (Table 99); 
in this case the ratio of plate area screened/plug area counted was 


OD): Ze. 


Zi "Mini-fluctuation" Tests 

Five-tube fluctuation tests were employed for the studies 
of forward mutation, and for the isolation of mut7 revertants. Five 
log phase colonies were picked from YD medium, suspended in 5 mls 
of liquid YD and incubated with shaking at 26°C for four more days 
(one clone was suspended per tube). The growth of each clone was 
considered to be from one cell not mutated for the trait(s) under 
consideration. Hence the median number of mutants per plate could 
be directly transformed (see Lea and Coulson, 1949, or von Borstel, 
1978) to mutation rates per cell per generation, without having to 
consider initial cell or initial revertant numbers, by using the method 


of the median. 


Revertants of the temperature sensitivity in mut? strains were 
isolated by plating 0.5 ml of the stationary phase mut? cells from 
each tube (washed twice in buffer) onto YD plates at v10’ cells/ml. 
The plates were incubated for three days at 34°C for the RO1-90A 
strain, or at 36°C for RO428-6B and 6C. Temperature-resistant clones 
were restreaked onto fresh YD and retested at 34°C or 36°C. Only a 


few such mut7 revertants were isolated from these strains (but see 


Table 17). 
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Auxotrophic mutants were isolated as follows. Stationary phase 
cells bearing only one auxotrophic marker, Atsl1-7, and mut7 muté8, 
mut7, mut& or MUT™ alleles were washed twice in buffer and adjusted 
to V2 x 107 cells/ml. Appropriate dilutions were made to 2 x 10° 
or to 2 x 102 cells/ml. Aliquots of the 10’ concentrations were 
plated to -his medium and to YD medium (two plates each per tube) to 
screen for his1-7 and mut7 reversion. 1 ml of cells from the 10° 
concentration were used for Lassie-testing the strains (twoly his plates, 
one -his plate per tube) to ascertain mutator phenotypes for each tube. 
Aliquots from the 10% concentrations were plated to YD medium (five 
plates per tube) to screen for viable cells from each strain. These 
YD plates were incubated for four days at 26°C, then replica plated 
to minimal medium an eh was supplemented only with histidine (min + his), 
to an altered MC medium containing 20 y tyrosine (tyr) and isoleucine 
(ileu) in addition to the usual supplements, to YG medium for the 
detection of petite colonies, and to YD plates, which were y -irradiated 
to screen for rad clones. Clones which failed to grow on the min + his 
replica plates were then tested twice on media containing histidine 
plus one (or two) of the eleven supplements present in the altered 
MC medium, to determine the nature of the auxotrophy. 

The -his and YD plates were incubated at 26°C and 36°C for six 


days, respectively, and then scored for revertants. 
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3. Spontaneous Reversion of Ats1-7 During and After Log 
Phase Growth 


For these experiments, one YD culture (200 ml/flask) was 
used per strain tested, and only ktsl1-7 was screened for reversion. 
Aliquots of cells were removed at intervals during and after log 
phase growth of the culture, washed twice in buffer, and adjusted to 
between 10© and 10’ cells/ml. Where viability was scored, further 
dilutions were made. 0.5 ml aliquots of the adjusted suspension 
were then plated to -his medium; the plates were incubated at 26°C and 
scored after three days (and after six days in some cases). 

Rapid assay for stationary phase mutation expression: this 
assay required continuous subculturing of log phase (mut8&) cells into 
test tubes containing fresh liquid YD. Subculturing must be initiated 
at less than 10’ cells/ml. The old tube plus YD plus cells was then 
allowed to incubate for three days. The original culture was sampled 
for hts1-7 reversion at time zero, while the log phase subculture and 
the original culture were tested after three days' incubation at 
26°C, for differences in revertant frequency per tube or per plate. 
Residual growth of cells on omission medium was scored as 


reported by Magni and von Borstel (1962). 


4, Assays for Sensitivities to Mutagens 
Ultraviolet (UV) light irradiation: for induced his1 
recombination cells were streaked on YD plates, and exposed to UV 


light for 30 seconds, in the dark. The plates were then incubated 
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in the dark at 26°C for three days. The UV source was a low pressure 
mercury vapour lamp (Sylvania GO3T8); the dose rate was 42 ergs mm 7 
sec !, as determined by a Latarjet dosimeter. 

Gamma ray (y) irradiation: Strains were routinely spot tested or 
replica-pdate tested for sensitivity to y irradiation. The radiation 
source was ©9Co in a Gammacell 200 CAVE Ga UtGss iw Hiewdose rateawas 
two krad./min. Twenty minutes of irradiation resulted in confluent 
Browtiv om spots sormreplicates “(on YD plates) ‘of RAD” Strains, but 
resulted in no growth in rad strains, except for occasional colonies 
per spot. 

Methyl methanesulfonate (MMS) treatment of Growing Cells: 

Strains to be tested were spotted at v10© cells/ml to YD plates 


containing 0.035% or 0.07% (V/V) MMS (see Prakash and Prakash, 1977). 


Viability was scored after two and after three days. 


BE Diphenylamine Determination of DNA Content 

The procedure of Roth (1974) was adapted for haploid cells. 
10 ml samples were removed from liquid YD culture (initiated as 
described in section D3) starting at v10’ cells/ml, washed twice 
and adjusted to 108 cells/ml. 0.01 ml of cell suspension from 
each sample was suspended into 1.0 ml of a 3% formalin solution for 
cell counts. The remainder was used for the diphenylamine reaction; 
the yield of DNA per AOD unit (595 nm - 650 nm readings) was 122 pgm 


(of calf-thymus DNA), over the range of OD readings used in the 
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experiments shown. All growth experiments involving mut7 strains were 


performed essentially as in section D3, except that cultures were split 


ae 


into two subcultures after innoculation. One subculture was incubated at 


26°C, the other at 36°C. Reversion tests were not normally performed 


in these studies. 


Ee. Isolation of a Petite Strains 

Haploid strains RO428-6C and RO400-10C were grown ine liquid YD 
containing 10 ug/ml ethidium bromide for two subcultures (Goldring 
et al., 1970). Survivors of this treatment failed to grow or produce 
0 revertants when plated to YG medium. Mitochondrial DNA was not 
detected in isolates from either strain when these were stained with 
4:, 6-diamidino, 2-phenylindole (DAPI, Serva), following the 


procedure described by Williamson and Fennel (1975). 
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RESULTS 


A. Phenotypes of Strains bearing mut7 and/or mut 

i Mutator Phenotype 

a. Mutator Activity for Zysi-1 or htsi-7 Reversion 
Previous studies in this laboratory of spontaneous 

mutation in mut or rad mutants of yeast have generally relied upon data 
from the 1000-compartment fluctuation (or box) test (von Borstel, 1978). 
This study employed the Lassie test, which made it possible for large 
numbers of strains to be screened for differences in htsl1-7 and lysi-1 
spontaneous reversion scores. With this assay, it is possible to count 
independently arising revertants, unlike most fluctuation tests. 
Furthermore, two types of revertants may often be screened for on one 
lysine Lassie plate; lysl-1 suppressor revertant clones appear white, 
whereas Zys1-1 locus revertant clones are often red (note that in some 
strains this redness is not expressed, and hence lysi-1 (red) locus 
revertants are not noted). 

Table 9a gives mean Lassie test scores for spore clones from 
cross RO88, which segregated for mt7, mut8, mut7 mut& and MUT?” MUT8* 
(which will be called MUT") . mut? strains were determined by their ts 
phenotype (section A2), mut8 strains by their relatively high lassie 
scores for hts1-7 or for his1-1 reversion (see Tables 58, 59, 60 and 
61). Both ZysI-1 locus and lys1-1 total reversion frequencies have 
been noted, as well as hts1-7 reversion frequencies. Unless otherwise 
mentioned, alZ Lassie test scores in this study have been corrected for 
pre-existing revertants, by subtracting these (which appear on unsupple- 
mented -his or -lys plates) from those counted on limiting medium. 
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From Tables 58-61, (Zysi-i locus (red) revertants are enhanced Dn mL 7 
Strains (t=5.5, ps.01) relative to mica (or MUT" ) strains, whereas hts1-7 
A A 
reversion is increased in muté8 ste seep p<.01) compared to mut7 
(or MUT" ) strains. Otherwise the two mutators are not particularly 
powerful by themselves. However, the presence of both mut7 and muté 
results in greater than additive (synergistic) increases in reversion 
frequency for both lys1-1 and htsi-7, in strains bearing both test 
alleles compared to those bearing either single mutator locus. Increases 
in Zys1-1 suppressor revertants (total Lassie test score minus locus 
revertants) appear to be additive [21(mut8) + 22(mut7) ~ 41(mut7muté) ]. 
The data shown in Table 9a are proportional to 1000-compartment 
Fiuctuation ("box") test data for related strains: (lable 9c). 

To ascertain that differences in reversion frequencies (per plate) 
were not due to different numbers of cells on the plate, the following 
protocol was used. Plugs of agar-plus-cells were taken from limiting 
medium after limited growth had occurred (revertant clones were avoided) , 
and the number of cells per plug was counted by haemocytometer. There 
is no difference among strains for cells/plug (equals cells/plate 
divided by 119.4), as may be seen from Table 9b. The mutation rates 
(M and M 


Lys hts 


ence, respectively) shown in this table compare well with those shown 


are the mutation rates to histidine and lysine independ- 


in Table 9c. The allele wtsl1-1, whose reversion phenotypes in various 
strains are shown in Table 9b and Table 11, will be described in detail 
in Section A3, where it will be seen that it is also synergistically 


enhanced in mut? mut8 haploid or homozygous diploid strains. 


ata 


: 4 iy = . ye y Ns i te = ; ays. 
belie Teas daca aren a sats inl sat) aba we Vy ~e0., aod | 
a nee : ) ‘~ | | | et rae ait ’ ~ ni 7 
état -seecele antes CN eee via ot aha tbe (30; ie 46 te 
’ Salat ze aa 1 . a i (SPA Tce t ’ pe hi an won a x 


Py 


“ of bexkneos. Oey 8 =e ewiaase, Ce a "hay S898 ., 


a Tay 


he ' hile " alta oy | a 
hs i GA enn, REO ; sian '% ¥ “eh as nee ot, ead vt ‘a 
ae . om cin a 

ined eer aemmnbee 0l) hospi “saovtumnd re ier Date 

v y ‘ ie 1 ay wf mg - ‘i es i ‘ate ys 

ules Peat +e ey cote ra) ) woke bb & ant toseary, ok. “a oe 


: T eae i Pe collet) ee oie ie: 
4 angers ee Satwbe beet togt ted 10 


| cs aa 


‘un alanis Sete: gaaeeee we wld a3 a 
f \ oak F 
: situa Jeon otadel TWeedape snes 0 eon 


rh oe 


1 18) ean ‘iasnae, esoaa 
3 % Lei ie 


es Wai of iaao hie feng ove “20, ai q iu fa soit phe 

fhe § ; Lae 4 ; ay a ny 
\ tele el a SnD ko t a ani rey tint) sti 
j ’ ME a ie Me Pistihe = i” ee eae ; 
* (omg! yey! Zod Saedpipr?! socal lp wenissedhiby peda — ae 


(a y Sospiete A RE IS 
| eani Te ee >, Ror ean 2 : sath oy subs 


sae saan ‘haut oh i= The: 


©. ‘i ; rf 
eta ens ie » SUAS hh A 
i {7 ‘ K r { , oe 
= , i a oy 
(ileal 
~bitseiey Chay! ens) ORGS 


= ‘gtiot a ar ge omg bien 


b+ @S4b a badtdcah” a Bs 


ee 


40 


To test for the suppression of ade2-1, arg4-17 and trps-48, 
prototrophic clones from lysine Lassie tests were picked and 
replica-plated to -ade and to -arg or -trp plates. The most frequent 
suppressors, Type I, suppress all three markers, as well as lysi-1 
(Gilmore and Mortimer, 1966). Table 10 gives the numbers of lysine 
locus or suppressor revertants for two concentrations of limiting 
lysine. Although none of the strains tested with 20y lysine produced 
red revertant clones, the proportions of locus revertants was as 
predicted from Table 9c. The failure to produce a red coloration is 
probably due to one or more genetic factors, since the strains 
exhibiting red clones on 5y lysine Lassie test plates were related to 
those tested at. 20; lysine. “The difference is not due to the 
concentration of eae since many strains do produce red revertant 
clones on 20y lysine Lassie plates, but it is affected by adenine 
concentration (see Schuller and von Borstel, 1972). What is evident 
is that all red revertant clones arising on limiting lysine in the 
mut7, mut& and MUT™ strains are locus revertants, and that the latter 
are enchanced in the mut7 mut8 strain. Hence, red dysi-1 revertants 
are assumed to represent locus revertants on limiting lysine plates, 
where observed. 

Table 11 summarizes the Lassie test scores for three homozygous 
test loci in diploid strains also homozygous for (either MUT" , mut’ , 
mt8 or mut7 mut8. The scores are similar to the haploid scores shown 


in Table’9. The data summarized in Tablewl1 may be seen in full in 


Tables "50. to 53. 
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TABLE 9a: Summary of haploid Lassie scores from cross RO88§ 


(ue? + + + hts1-1 iyeial, 
+ mut& hom’-10 hts1-7 +  lysi-1 
hts1-7 
reversion MUT mut/ mut 8 mut /muts 
Mean Leo 26 136 659 
Standard 
Deviation 4.6 1.0 71 145 
(oicD:’) 
Number (of 7 4 7 Hh 
strains tested 
Standard nes 0.5 27 55 
Error (5.8. ) 
lys1-1 
reversion* 
Mean T2VOCL) 3513) 25:04) 96(55) 
ea nea 12 ee 23 
Number tested 12 13 TZ 14 
Se ie goals, 126 6.5 


§ see Table 58 
* Numbers in parentheses are those of red (locusjmerevertants ; 
see Table 61. 
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b: Mutation rates (M) of strains from cross RO88 in terms 
of (unreverted) cells per Lassie plate 


RO88 
Mutator Strain 
mut/ 1D 
3D 
muts LC 
SG 
mut? , 3B 
mut8 4B 
4 (RO400) 
MUT -10C4% 
4C 


Lysine 
htsi1 Lassie 
allele score* 

1-7 26 

1-1 Zen 10) 
1-7 25 

1-1 19 (9) 
1-7 103 

! a 

1-7 S315) 
1-1 La ( ds) 


Average of two determinations 
Won a control’ or 'tester" strain 


XV 


Multa cor ‘iscrain 


mut7 732-2B 
mut 8 379-17C 


731-3D 
mae’, 
mite 379-28D 
ra 


MUT 731-14A 


Lys1-1 


suppressor 
2.4 


wad 
god 


5 0 


eS 


8 


Cells/ M 
plug*, 


eee ee 


Histidine 


Lassie 
10 score* 


132 39 
a. 6 2 
6:9 164 
Dn 5 
0 865 
2 792 
Pe, 12 
4.5 0 


Average of four determinations 


Reversion Rates x 108 at 


locus 


Ze 


5 


3.4 
a9 


19:39 


OR 


4 


hts1-7 
Total 
4.9 18.9 
6.5 aoa 
50) FEES 
Zo..D 300.1 
Lv Gat 


Wea Mois 

Bae 8 

xEO mi hy 
162 10 
104 0.8 
142 48 
162 1 Ween 
£22 296 
139 220 
1238 dc | 
139 <0.3 


"Box test' mutation rates of strains carrying mut7, mt8 
or the double mutant mut7mut8 (S.K.Quah, unpublished data) 
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TABLE 11: Summary of Lassie scores for diploids derived from cross 
RO88 haploids§ 


hts1-7/hts1-7 


reversion MUT" /MUT* = mut7/mut? = mut8/mut8 — mut?mut8/mut7?muts 
Mean ST 48 £75 968 
S.D.* 75 4.9 22 10 
Number tested 6 4 8 6S 
pik BG 285 Ts 6 


his1-i1/htsi-1 


reversion 

Mean — < 0.4 <0 535 34 
Salan* 0.6 170 223 
Number tested 8 4 4 4 
SEE. Oz O..5 bs? 


lys1-1/lys1-1 


reversion 

Mean 1525. 32 22 76 

Scat 4.3 9.0 3.4 14 

Number tested Z25 18 Zt 19 

Ok is 0.9 ee 0.8 Sind 


lys1-1/lys1-1 locus 
tee ve ares 


Mean 1.4 RS 3D 44 
ScD ae 0.6 20 bet 6.5 
Number tested 22 19 18 EZ 
Seis O12 0.6 0.4 Exo 


PRON ae a ese ag Scene | Nan a Si a ea 

§ See Tables! 50,51,52 and 953. 

* Only S.E.s are shown in subsequent summary Tables. Numbers of 
strains tested may be obtained from the (tetrad) analyses included 
with such summary Tables. 
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De Forward mutation 
Strains bearing mut7 and mut8 show synergistic 

enhancement of all types of spontaneous nuclear mutation, except 
lys1-1 suppressor mutations, which are additively increased (Table 9). 
The fluctuation tests shown in Tables 12 and 13 indicate that the 
spontaneous forward mutation to auxotrophy in mut/7 mut8 strains 
greatly exceeds that shown in MUT™ strains or strains bearing mut7 or 
muté individually. The single mutants show some increase over the 
MuT™ Strain: 

A red ade” mutant and a thr met clone failing to complement dom- 
3 were among auxotrophs isolated from strain RO255-3B, which contains 
mut7, mut8 and htsi-7. Two other auxotrophs grew if er ther 
methionine or threonine was added to the medium. A red ade mutant 
was also isolated from the mut strain. 

The RO255 strains were screened for rad mutants in the same 
experiment. One y -radiation sensitive and one UV-sensitive mutant 
were isolated in the double mutator, and one y -radiation sensitive 
mutant was found in the mut/ strain. 

Data for several types of spontaneous mutation are summarized in 
Tables 14 and 15. Except where noted, the median number of mutants 
per ml. of cells plated was transformed appropriately (see Materials 
and Methods) using the method of the median (Lea and Colson, 1949), 
and divided by twice the mean viable cell count for all five tubes 
tested, to obtain a mutation rate per viable cell (observed colony) 
per generation. For comparison, hts1-7 and presumptive mut7 (ts) 


reversion rates are included. 
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Estimates of plating efficiency (hemocytometer count versus viable 
cells) were made in, the RO255 strains (Table 15). To minimize 
differences, budded cells were counted as one expected colony. The 
mut? mut& haploid had a reduced number of observed, compared to 
expected colonies (means of 291/358; t=3.46, pv.025). None of the 
other three strains had significant reductions in plating, erficiency. 
This result duplicated an earlier observation which had indicated that 
a mut? mut& strain produced fewer total cells, fewer viable cells and 
lowered plating efficiency, compared with MUT” , mut7 or mut8 strains, 
during and after growth in liquid YD medium (data not shown). It 
Seems likely that this phenotype is common in mut7 mut8 strains, since 
clones from such strains generally take longer to grow, and form 
smaller colonies on YD medium. 

Reduced plating efficiency of a mutator mutant might be caused by 
one or both of the following: either lethal forward mutations are 
occurring at a sufficient rate to be detected, or existing repair 
Systems are incapable of coping with lesions "spontaneously" 
introduced into nuclear DNA, resulting in failure of the cell to 
divide. The latter alone is unlikely becuase homozygous mut7 mut8 
diploids showed a large increase in 2:2 segregation for spore 
lethality when held in the diploid state for several weeks, compared 
with the same cross sporulated within a week of mating. This 
phenotype is also seen in mut/7 homozygotes. [spore viabilities for 
crosses are given in TableA3 in the Appendix], Diploid HIS" clones 


picked from Lassie plates (as part of the experiment shown in 
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Tables 55 and 56) were sporulated necessarily after two weeks as diploids. 

Here too the mut7 homozygote had large numbers of 2:2 segregations for non- 
germinating spores, compared to a MUT* homozygous strain sporulated at the 

same time. This type of spore lethality is generally considered to be 

due to recessive lethal mutations. Such mutations would result in 

lethal sectors and reduced plating efficiency in haploids, as was 

reported above. 

Tables 14 and 15 also show spontaneous petite frequencies for the 
RO255 haploids. The large reduction seen in the mut7 strain was also 
Observed in other mut7 stocks, including RO428-6B. A similar 
five-tube test showed that this strain had half the number of petites 
observed in the mut/7 revertant RO428-6B 11 (However, the sister spore 
RO428-6C and its revertant had identical petite frequencies. In 
addition, the phenotype varies with growth conditions, such as phase 
of growth when sampled, and time in buffer after growth). Since 
nuclear petites contribute significantly to total petites isolated by 
various techniques (Sager 1972), and since mut7 mut8 strains enhance 
nuclear mutation, it is possible that the larger numbers of petites 
observed in the mut7 mut8 strain RO255-3B were due to nuclear 


mutation, but this possibility was not tested. 
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TABLE 14: Forward and reverse mutation rates in MUT" , mut8, mut/7 and 
mut/mut8 strains 


Type of Mutation 
Strain Inviable t8s1-7 mut7 


RO255- Cetis Petites revs. revs. Auxotrophs 


Median Score SC 

of mutants muT* - 236 32 - - 
per ml. of 
cells plated 


muté - 116 364 - uk 
4A 
mut7 ~ 32 79 6 1 
3B 
mut7, 7A 62 556 228 6 
muté 
Mean No. oh 
of viable* MUT 519 833 555, - 833 
clones 1C xi0 
Ss mut8 766 faa!) M744 - 744 
per mr. x10° 
4A 
mut7 418 804 402. 402 804 
3B x10 x10 
mut7, 358 582 291, 291 582 
mute x10" = x10° 
Mutation 3G 
Yates per MUT* = Sal Pare’ Oe - - 
viable * 1c x10 
cohener eee 017 45.0 a 0006 ** 
generation x107° 
4A 
mut 7 = . 006 2555 eS 70006.** 
x10°° x107° 
3B 
mut7 , . 024 He 1.13, US .0026 
mut8 (.20}+ x10 xLOe Ce Oe 
(7.18 F 
x107°) 


* For cell inviability, expected clones (hemocytometer count with 
budded cells counted as one cell) are used instead of viable clones 

+ calculation based on the rationale of Ogur et al. (1959) 

§ i mn Mm (‘total cells, rather thaniviable cells 


ke " " che Po estimatiom of Lea and Colson (1949) 
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c. Expression of Revertants of his1-7 in mut8-1 Strains 


Of the strains studied during the course of this work, 


a 


those bearing mut@ consistently produced large numbers of htsl-7 > HIS 
prototrophs on -his plates as well as on plates with limiting 
histidine, when the strains were pregrown to stationary phase. When 
late log phase mut8 cells were suspended in buffer and incubated at 
26°C overnight before plating on -his medium, increases in the numbers 
of revertants per cell were noted, compared to the same suspension 
plated without prior incubation (data not shown). Further incubation 
in buffer resulted in no further increase in the number of revertants 
per cell. When two-day-old stationary phase muté@ cells were tested 
similarly, there was no Such pimncrease . 

Table 16 indicates that net residual growth of mut& strains was 
not responsible for the increased reversion, whether phe. cells, were 
suspended in buffer or spread on -his plates. Cells from late log 
phase (two days on YD plates) show no residual growth on -his if 
previously washed and held in buffer or if suspended cells were 
directly transferred to minimal medium. The cells only doubled in 
number when transferred directly to -his plates. 

To determine whether the buffer, or cell arrest itself was 
causing the enhanced spontaneous mutability, cells were incubated in 
liquid YD in log phase and then held in stationary phase for several 
days. Aliquots of this culture were removed at various times, washed 
twice and immediately plated on -his medium. The results for muté8 


Us : 
are shown in Table 18 and those for MUI in Table 17. The muvée strain 
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showed a fifty-fold increase in expressed revertants per cell between 
early log and early stationary phases, while the MUT™ strain showed no 
detectable increase. The largest increase in hts1 prototrophs in the 
mut8 strain occurred between one and two days in culture when total 
cells had stopped increasing and budded cells had reached stationary 
phase levels. Since time in bufferwas constant and short for all 
samples, sensitivity of mut8 cells to mutations induced by the buffer 
would have to be confined to the brief time when cells are entering 
stationary phase. It would appear, therefore, that the enhancement is 
a function of entry into stationary phase, and probably not due to the 
buffer. The data in Tables 17 and 18 also show that increased 
revertants are not due to their preferential viability in a dying 
culture, since viable cells (as measured by observed colonies) do not 
decrease significantly after stationary phase is reached. 

Preferential growth of mut& histidine prototrophs might be 
responsible for the mutator activity of mut& when the cells enter 
stationary phase. However, the following three observations do not 
support this contention (note that at least seven cell divisions would 
have to occur per prototroph in stationary phase culture, to account 
for the increase). 

(1) mut8 strains are still mutators in the Lassie test, where 
most prototrophs arise independently and therefore give rise to single 
colonies. ‘Preferential HIS” cell growth under these conditions may 


lead to enhanced prototroph clone size, but not to more clones. 
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(2). When MUT™ cells were taken from a YD culture, incubated on 
-his medium for six days instead of the usual three, and counted after 
both three and six days, no large increases in BEST revertants® per 
cell were observed between counts (Table 19). This is true both for 
log and stationary phase muT* cells. The mut& strain, however, showed 
large increases in HIS" Reyeceants per cell between three and six days 
incubation on -his medium, but only in cells taken from log phase 
(Table 20:cf.0,6 and 18 hours after innoculation). No such increases 
were observed in aliquots of stationary phase mut8 cells plated to 
-his medium. The simplest interpretation is that log phase mut& cells 
enter stationary phase on the -his plate, and then independently 
express their revertants (as in the Lassie test). 

(35 prtterential growth of muté8 HIS" cells does not take place 
in log phase. Both Tables 19 and 20 (bottom row of data) show that 
mut8 cells maintained in log phase by subculturing actually show a 
decrease in revertants per cell at 24 hours, compared to both the time 
O sample and to the 24 hour (early stationary phase) sample. 

Histidine-feeder revertants did not cause large increases in 
total prototrophs in these experiments (due to crossfeeding). This 
can be seen from Tables 19 and 20. Neither muté& nor MUI" stationary 
phase levels of revertants increased between three and six days' 
incubation on -his plates, as would be expected if significant 
crossfeeding was occurring. 

When mut8 cells are maintained in log phase for three days (by 


subculturing), there is no enhancement in revertants per cell over the 


54 


Se ee eee ris wm, ie Hh 

Pe ee i: net i , 

ihe al eae ame i Lae | 
bedackiond: eemstae ATs noe sandal 


; . a 4! a ‘ ¥, lke ie Ay ‘ aN; ye 7a - 
MT ee ee Lea 2 30: beeten i 
i . he te Van ite 
athe peevot “ait HL weet att eA: 
i | F . i : 7 i? ; iad 
b ee he BS i, te 4 te cae a t penny: 
b a 7 « ’ si . 7 mae, a i 
| { ii x . a 
| nig, Mewes +saea 4 Sai 
’ , iby bes ‘ ABS 
LTT ee tS ; te, co 
rhage dees rhe HI aang’ 2a ou ae 
rohit | wil Se : ena ' oz = Patt 
, be ad OQ ted hag: Oe anes eae ae 
4 rie De Re... ee 1 
= Pe eee a 
<!  Lepercent 4 ae ee cd hee 2.0 zi 
ee ier one if ash ey oan 5 ely a nil i 
t | Aah Wt oe a PoP 
ee aes, open aate M9 aaoupate, ii esta 
zm ; a bo ) | bi = 
1 vt : , 4 J 
i Tr cyt ie 7’ dq et a i di 3 2 wi yes 4 am 3 saolgané oat ai ma o 
1 i. t y a, y - i 
: vs ~_ mF ne 
i moe» iS iy rahe i ahs) ah 3 or a rs ub 7 ? 
we CT al oy ear a Pa 
itera he edad opt ee pts os nm: aint ; 
; ie 1} i, Ware ie ! oy ba 
ay bin? Bor ie! el Soy by Bh hd sh ayia ‘aoksieeiat me @ 
: ‘ pee de o exten 


F m4 ui ue es La ae - i" 
(eral, to yong agsaad) OS bam ek ashi ae oat ot 
hn On ene oo 
x wee vi lave aes ¥ ada vt ty abit Fat KY i 

| ae 7 - one i es ih oe ee ke is - ; 
ants of2 tad bt bwteniat sci. set 3 =i ssn i 
ae } 7 Ws | 


0 pe ¢.t 


iis oa mi ?* 


vai 
tod 


: spe sir f 35% sil, ee nm 
. _tCap thes st ‘ot, 4 95 au 
: rai WY ; 

ted reche ~ Sae oe em a “an re ken 
en A meee i 
| “so oa zs < bAR ei 


t ; ni 


1 on 


4 a 


‘* nf (i 


zero time sample, while three day, stationary phase mut8 cultures show 
the usual increase (Table 21). Interestingly enough, certain MUI” 
strains may show the "mut8& effect'' of enhanced spontaneous mutability 
upon entering stationary phase. Strain RO400-10C in Table 21 shows 
some stationary phase increase in revertants per cell, while 

RO1O5-1A, and XV185-6A (Tables 17,18,19 and 20) do not. 

It should be emphasized that the 'ut8 effect"' has only been 
noted for hts1-7 {and possibly trp5-48). Other loci, such has lysi-1 
or hom3-10 do not revert at rates sufficient to detect the effect on 
Lassie Cests, or on replica plates. It 1S assumed that this effect 
was responsible for the enhanced numbers of histidine revertants 
observed (in mut8 strains) on the -his medium used to detect 


pre-existing histidine, prototrophs, in histidine. Lassie tests - 
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Zi Temperature - sensitivity of mut/7 

Crosses involving mut/7 have consistently co-segregated 
for mutator activity and inability to grow at 34°), when crossed with 
strains capable of growth at this temperature. In spite of the small 
increase in mutator activity observed in mut/ versus MUT* strains, the 
ts phenotype was found to co-segregate with higher lysine Lassie 
scores more than 95% of the time (see Appendix Table A4 and Figure A2, 
and also Tables 34,36,37,44 and 48). While histidine scores were 
more variable, PMS 3 tended to be higher in ts strains (Appendix 
Figure A2). The ts phenotype was found in mut/7muté8 strains and in 
mut7/mut? diploids (data not shown). 

To ascertain the viability of cells bearing mutator loci muti to 
MUO ,- or mur* loci at different temperatures, approximately 10° 
stationary phase cells were spot-tested at a time for each strain (or 
about 10° cells from some strains were plated) on YD plates. These 
were incubated at 34°, 30°, 23° or 18°C for 3 - 4 days (the normal 
incubation temperature was 26°C). Strains designated mut7 did not 
form colonies or otherwise grow at ciate but grew as well as muT* 
strains at other temperatures. All of the other mutators segregated 
away from ts markers present in the original strains (see Appendix 
Table’ Al): 

Three ts "terminal phenotypes" were observed microscopically 
in the stocks screened. Strains bearing mut/7 assumed a dumbbell 
morphology. In other ts strains cells became large singlets (greater 


than 2 - 3 times normal diameter) or mimicked the cell division cycle 


mutant, cdell terminal phenotype (see Hartwell et Ge Tova). 
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Figure 1 and Tables 22, 23 and 24 show the cell arrest and loss 
of viability after 12 hours at 34°C seen in the mut7 strain RO1-90A, 
compared with the MUT™ strain XVI85-6A. Both strains were growing 
logarithmically in MC medium at the time of the shift. The number 
of hisl-7 and Zys1-1 revertants per viable cell were noted, and 
appeared to increase in the mut7 cells held at 34°C after nine hours. 
However, the numbers of revertants/plate were less than five, and the 
observation has not been re-tested. 

Numbers of stationary phase cells did not exceed 5x10" cells/ml 
because MC medium usually limits cell growth at lower cell densities, 
due to lysine starvation. 

a. Co-reversion of mut7 phenotypes with the ts Phenotype 

The casepresdtion of the ts and mutator phenotypes did not rule 
out the possibility that mut7 might be closely linked to a separate 
ts mutation. To do so, spontaneous revertants of the ts phenotype were 
selected in the mut7 strains 401-90A. R0428-6B and R0428-6C, by plating 
10! éells,to. YD sat 34-2 0r-36°;rand picking, colonies |growing, at 
those temperatures. Since five-tube fluctuation tests were used, 
only one such colony per table was picked. These colonies were then 
screened, using the Lassie test for the mut/7-mediated mutator activities 
discussed in Results, part 1. All but one (Table 25) had MUT” mutator 
activity on histidine and lysine. In addition, the MMS-sensitivity 
(Nasim and Brychcy, 1977) and enhanced spontaneous recombination 
(this thesis) observed in mut’ strains also coreverted with the ts 
phenotype. These data are summarized in Table 25-4 Ali, Che, rever= 
tants retained the same auxotrophies as were present in the ts parent, 


hence it is unlikely that these revertants were due to contamination. 
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Tables 26, 27 and 28 show segregants from crosses of mut7-1, and 
of the ts revertants mut7-1-1 and mut7-1-2 to a mut8 strain. The 
typical mut7 mut8-mediated synergistic enhancement of reversion in 
histidine and lysine Lassie tests was noted for several segregants 
of the control cross (Table 26). Nothing of the sort was noted 
in any segregants from the cross of the revertant allele mut7-1-11 
to mut8-1. All other markers present in these crosses segregated 
normally. Similar results were observed for a similar cross involving 
the revertant strain R0428-6B (mut7-1-11: compare the data in Table 
58 with those in Appendix Table A5). 

The cross involving mut7-1-2 segregated for high histidine 
Lassie test scores but not for lysine Lassie test scores (Table. 28). 
I interpret this to be due either to an intragenic second-site 
revertant or to some type of linked modifier mutation. Class I 
suppressors do not affect mut7, since mut7 SUP6 strains remain 
temperature sensitive (data not shown). Some support for the 
interpretation of a linked modifier mutation was found in the obser- 
vation that white clones (ade , p") frequently segregated from mut7 
strains with the ability to grow marginally at 36°C. However, the 
mut7-1-2 haploid strain was red in colour. 

Some co-reverting phenotypes noted in Table 25 are dealt with 
elsewhere (see section B3 for lethality with mute and section A3c 
for mut? mediated recombination enhancement). Two other phenotypes 
not mentioned in Table 25 appear to co-revert with the ts phenotype. 
These are: the doublet phenotype observed in mut7 strains at SGcaGs 
and the reduction in petite frequencies noted in section Alb. 


However, as noted, and as was the case with the mut7 mutd lethality, 
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the latter phenotype itself is variable in expression in certain 


mucy7 Strains. 


b. Terminal Phenotype of mut7 Strains at 36°C 


As previously noted, 90-98% of mut7 (or mut7/mut7) log 
phase cells became large doublets (or occasionally triplets) within 
four hours of shifting the incubation temperature from 26°C to 34°C. 
(Once other ts mutations had been crossed out, the higher temperature 
was changed to 36°C). 

Preliminary tests using the fluorescent antibody mithramycin 
donated by Dr. Belchery Pfiser Co. or the dye DAPI (Serva) suggested 
that both cells in a doublet contained nuclear DNA. Since cytokinesis 
was not occurring, it was thought that cell arrest occurred before 
this stage. However, mut7 haploids were capable of forced mating 
en masse even after ten hours of high temperature incubation (Table 29). 


Although mut7 strain R0O428-6Ba certainly did (pare). 


This observation supports the ideas that mut/7 causes cells to 
Stop at a cell cycle stage resembling Gl (see Dutcher et al.; 1978, 
for further explanation) and that cytokinesis is unnecessary for 
mut? cells to obtain access to the mating-type step of the 
cell-cycle. The possibility exists that a or a factor is epistatic 
over the mut7 arrest stage. However, it was noted microscopically 
that doublets remained doublets at 36°C during mating, so that presumptive 
zygotes appeared as the usual "peanut" phenotype with large cells 
attached at one or both ends. Finally, for mut7/mut7 36°C matings 
made following four hours pre-incubation at 36°C, substantial proportions 
of zygotes were observed after four hours Of mating. “Aheretore 


this effect probably was not due to selection for viable diploids. 
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Since another cell cycle mutant, cde9 causes sensitivity to 
y-irradiation if post-incubated at 36°C (Johnston, 1979) it was 
possible that mut7 would also confer this phenotype. However, whether 
mut? strains were irradiated with four hours pre or post-incubation 
at 36°C, no notable y -sensitivities were observed by spot-testing 


on YD plates. 


Since the mut7 terminal phenotype resembles that of several 
dds (reduced DNA synthesis (Johnson and Game, 1978) it was thought 
that the mutator locus might be allelic to one of the cde and dds 
genes. However, mut7 complements all established cde and dds mutants 
for growth at 36C (von Borstel, pers. comm.). The ts phenotype 
of mut7 strains coreverts with MMS sensitivity (Table 25) and so it 
is possible that mut7 is allelic to one of the mms mutations 


isolated by Prakash (1975). 


oka Ce “Pha ound hos ‘deiw 6 
“ok 


(gas tae joqe be beriaedo, wi eapiiels 3 


pi 
: Py ‘ ’ 7 a : G 
a ~ Es ' ty “1 


ere tow ph ani i + hes 3 pick 
\ st bee hit: me | a4, Biro oo “abt ot oe. a 
A ee arm obs tin oo badeidqrgs 1a ei a Seek | a 
ee ae ee cata tht ieee nov) D8 . 


iy 


th gabe ta 6 “pi: vente on Kiet fs 


67 


*paqunod sT[T99 TeIO]L, YIM ATIIOAITP 
ozeduos oq Aew pue ‘sjunod AUOTOD paAZesqo IO sjzunod AUOTOD payoedxe ore sosoyjuered ut szroquiny 
P q P P q P Y t * 


a 


(0) (0) (9r) (Sr) 
- = TY pO Sec 9Z°0 AS Gor ST 
(0) (0) (69) (79) 
= = jo eee jt Cartes 9¢°0 Sg S°OT ST 
(1) (1) (Z0Z) (70z) 
C0 G70 gt X 2°02 gl rez 1S°0 80S S°9 6 
(Z) Oe (oc) (Awa) 
v0 = OT EEO ule L°8 6S°0 Ors ¢ 2s 
(1) (0) (Svz) (902) 
Z°0 - gO} * 6'P gO) eer S9°0 6S¢ 0 ed 
(0) (0) (8ST) 
5 = = Ol CT Le) ZLZ Cece 0 
wnTtpoul wn T pou a9injz[Nnod Fo ainjy[ns Fo STI99 pejUuNnOos a Fa eee Waa eee uoOTIeTNIOUUT 
*sTu- *SAT- *Tw/SaTUOTOD *TW/SaTUOTODS peppnqg Fo STT9IO worz dnyFtys 19732 
OL X IOATAINS peAresqg po zoedxy uoti10doig TeIOL JozyJe sINOY SINOY 
9 /S4ULIIIADY 


D9 32 pozeqnsuy (V9-G8TAX) UTeLIS JAW (oseyd-3o[) e& UT UOTSTATp [T99 ButosuQ 272 ATV 


_ 
o-- 


ae) et. 


ceyok. pomgre mi Up rec aey coyowk cone” 


3 


= 


68 


,pequnod s{TT9s9 TeIO]L, YIIM ATIIeAITp poredwuos oq Avw 
pue ‘squnod AuoTOD paAresqo Io sjunos AuOToOD psydedxe ore sasoyquered ut sioqunN 


a 


(0) (0) 
(¢) (T) 
gE 9°0 
(1) (¢) 
£°0 OFT 
(v7) (¢) 
S°T bt 
(¢) (0) 
8°0 > 
(T) (1) 
wn Tpoul uN Tpow 
"sTYy- “SAT- 


9 


OI X ZOATAINS 


/s Ue IBADY 


(sr) 


gt O° ve 


(Z8) 
Om %& Sy-0Z 


OIE OF ST 


x9INITND FO 


*Tw/saTuoToOs 
peAresqg 


(Lv) 
Puss 
gon Se 
CEB) 
Ol S67 


(OST) 
Or X% OST 


(OosT) 


xe 
gf hee 


x9IN}JTND Fo 
*TW/SaTUOTOD 
pe.oedxy 


va 0 


$3 °0 


88°0 


OV 


STT99 


peppnq Fo 
uoti10doig 


6S 


vvl 


pec 


C67 


682 


61 


pequnod 
STIQ9 
Te10], 


8T 


oh 


S49 


0 


uoOTIeTNIOUUT 


ro yze 
s.Inoy 


D297¢ ze poeqnout (YO6-1TOY) UTeIIs z7zmw (aseyd-3o0T) B UT UOTSTATP TT99 SutosuQ :SZ 


dTaVL 


ad si : 


oes) cee ote 


i-2 


. 


Leer cope aaige” Sa. 


a5 


=? Ge Opre 


iff 


Pp) 


oF 


GI[GE) cur 


HER exbees 


is 
‘ 


>) an 
a7? = 1, 


+ 7 


= 


te rf u 


69 


,;pequNOds STT[P9D TeVIOL, YITM ATID9ITp 
poazeduos oq Aew pue ‘squnod AUOTOD paAresqgo IO ‘szunod AUOTOD peqsedxe 9.1e sosoyquoied ut szoquny 


x 


2 a eee eee a ee eS SS SS eee 


eee ||| mem eee 


pequnos 
STTOO 
T®I0L 


(Z) () 
8V Sv 
(9) (T) 
O=s 8°0 
(Z) (v7) 
Vat GEC 
(S) (¢) 
Cac Ver 
(¢) (0) 
8°0 ce 
(T) (T) 
wn Ttpow unTpow 
STY= +s AT - 
OL X ITOATAINS 
9 /SIULLIOADY 


(S°OT) 
0m tees 
(66S) 

got X O'F 
(OZ) 

aut * S38 
CTT) 

He Ste 


(T8T) 


~olug Mion sO 
*TW/SOTUOTODS 


pearzesqo 


(62) 

got OF 
(98) 
Uh? 
(68) 
Ey 
(ct) 


X °° 
of Saas 


~e2inz[No Fo 
*TW/SITUOTOS 
pe.oedxy 


S6°0 


S6°0 


STT92 


peppnq Fo 
uoti1odoig 


69T 


vLT 


CLC 


68 


S°St ST 

S OL eT 

She 6 

& Sas 

0 Shas 

SCs 0 
JRE Ot ec uOT}EL[NIOUUT 
woiz dnqztus 1935e 
royze sanoy S Ino 


D496 28 pereqnouTt (VO6-TOY) UTeIas {2m B UT UOTSTATP [TO BUTOSUO Fo UOTIwSSe) tyzZ ATAVL 


- te Fy 
_ Pai an 
0 5 Hie Mp ty a) 
( ac 4 : a ‘ 
a ; i ; AY 
AAC a ey a ’ 
ru" 
1 cy " 
ne ee i ry, EY 
; } a be " 
ae — i -* 
rT. pi 7 ie " y > a 
ey eo ee, 7. o 
ba | ik Cae a. a ae 
Waa, | Siti Bibs. hen as TS «Ww 
bis ee ees 
he _e —, = >, ate OD ea a . 
‘ites Dh tae] “a 
F | a . e 7 = 
a ane i ip ites 
a , } i ; Ff "a? if 7 
wy | - se - = ie 
hep os 3 er 1 po le Sa 
ae ‘ bores, s Pie by el ‘ [i a ; 
‘e oan ae hve be ee aa 
a - —_ * a hay ~, J bs = 4 J 
7 ‘ ‘ P a, 1 Aa it 
a . . "ths pr, ! + +. Cae Se tos ‘al te 
' _ ' 2” a. | A te ‘ lk FI he 
a | il ! Eo a oh SS ee ce ta sl 7 
‘hee fi oT ee ne ae ae 
4 ; in SR ORS os a aa tw & 
ee ie We he ee nee 
“4 ee eee f 7 . i 
} - hab nt es 7 - 
' ye 4 ty ra a oat er 2h we 
j i sr ie? he Sle ee ee has a" 
| : “ Pee = (eed eS | ta a Fy vi a 
| a AS Fee 
‘ ; f ee 


culture 


i tg 


Cells/ml of 


‘a. Viable Cells 


10 


Total Cells 


g 


70 


| c. Proportion budded cells 


= o—_——_— ¢ 


Time in culture (hours) 


Fic. 1. Cessation of ongoing cell division, and cell death in the 


The mut7 po 
these, and 
shitted to 36 


= 


228 


were split into 


mut7 strain RO1-S0A incubated at 36°C @) vs. 26°C (able 
Each point represents the average value of four SE 


two subcultures; one of 


ulture of MUT™ cells (XV185-6A;0) were 


Glagtterec.> 10urs. 


zncubatron wat 20) C. 


iy 


7 i : "y a (a ie a ae : 
wh ; = 7 i Wy ; i : ve ra ue an +1 


hed i etul. .d ae | nag i i iy e) } oad side ia] is es 


ai 4 - 


ei . at ee om ie me 


wt, 
‘, 
t 
os 
¥ mat oars 
— 
w& : 
g 
i 
‘ - * _ rf a 
\ 
& i 
at a 
5 ; 
: é ye ¥ . a 
J | : ieee ye 4 
4 J a es he Ss i. 
ris 
} Ce event eel i 
; 


i Me. 


i 


“es 


“~~ 
~ 
= eee 


toa j * toy eh : _ 2 te ey 

a oom 1 | ‘ 7 At oe fem ; oft. om, 

ie N Pe i, ips - 

oe wk web Ten: basi, es 

ty Sas ae RR, 

7 -agiqmar ut mp ae 
y Re: Stn (x ite © 

mag een (OA ae 


an Mies = nods 
ee, pa ae 


i. - 


pita eB ies 
aa 


" 


Aah 
a 


rasan! i 


ioe i 


ak 


*peztsoyjuoied oie wntTpow BUTITWTT uO yamoi3 oj szotad B8utystxe sydoijojoid jo sisqunn 


STOAST UOT }eEUTQqUODEI 
DTIOFTW 7FSs2zYy [Tew10U 


STePAZT uoTIeUTqUOD[1 
§ OFJOITM TSs7zy YSTY 


§G 41h 
YITM TeUuIeT JOU yOu 


§G7nu YITM TeYyIeT sof 
(hea Nei | 

10:9 ATU 

ou 


sok 


19410 gan 


yqTM 


wWST319UAS 


SWAN 


uo 


yIAMoIAy 


T 


LI 


SNIOT 


QUTSAT 


(0)GI 
OT jenGE 
(CO)Z0G 
CETVEGE 
CO}e SI 
(0) 9€ 
(0) 2% 
(Toe tal 
(0) 29 
auTSAT 


ZUTITUTT UO yy8uTSsTie sydo1.0j0I1g 


"GV eTqeL ‘xtpueddy vag 


x% 
"yG eTqey, ‘dso ‘Ey “ Yin 
°¢q UuoTIIeS *Sz[NSoYy 99S § 
AINOF rr ‘h 
*SUOTIEUTWIZIOP OM] JO VBeIZAV 4. 
*%¥ 
Z1a00-8¢70N GI-1-Z 
+ + oo 
po) LTS89=8c708 £1-1=2 
_ 7 09-87 704 Ese 
Cou li Sake q9-ecvou  T-d 
(0) 8 +e Meg cles fa Naa 
COP) 09 ~ = 909-8770¥ Say 
(0) 0 tee Ee le a i Lig Dert 
(Oy es = = €9-87708 Bad 
(216 Ge er ee OO ea ha 
(cs -81 we A a ol 06s Pec 
Cac) ave = - V06-10U EZ 
SUTPTISTY  O,9€ Ove .UretIS eTeTTe 
qe yqmMo1y Ly nu 
po .eustsog 
*AVTATITSuUsS 


-ainjeiodua} Jo sso—T 10jJ uotqoetTes hq ATsnoouequods payepTOsT [-zq7mu Jo sjueqtaAe1 Jo sodAjousyd :¢7 ATAVL 


eyue Siro, ro Qiomcpe ae TTMPeice meget sts 


| eed: 


ad 
= 
ES 


a 


Re 


CS eeeailed 


“ 


oe 


pe, Seta 


ee ee 


ass - zs 
a 


pene I 


4 


ne 


tage} 3% % - 


— tex 


a 


as 


> 


8 
-_- ‘eee - 
ee 
=a Wes 
7. ' 


= 


7 
ie ry a hid a?) oS be ; 


ea 


ran f 


as. ro + 


i : 


a ae I 
ce hs pat ie ; 


Pe pees aA 


72 


RO1-90A 
TABLE 26: Phenotypes of spores recovered from cross RO58 : XV731-3D 


mut7-1 hts1i-7 + 


( + hts1-7 Weeeat 
Growth 
Stiramn-. Prototrophs arising**,on,dimiting at Designated *** 
ROS8- histidine lysine Bale mut(s ) 
1A 116 (22) 5S (0) + + muté8 
B 43 (9:) 38 (7) ~ MEL, 
C 71 (2) 30 es - PUL ae 
D 203 (18) 18 (0) + + muté 
2A 19 G1) 8 (0) + + + 
B 813 (166) 285 (2) - mut? muté 
c 44 (12) je (0) - Ee 
D 174 (18) A (0) i + muté 
3A 146 (49) 15 (1) + + muté 
B Sil (2) 23 (1) ~ TAC? 
G 24 (0) 14 (0) Hs ca + 
D 939 Cis) 176 (16) - mut? muté 
4A 151 (59) | 20" (0) + + muté 
B 29 (2) 8 (0) + + + 
C 933 (166) 185 (2) - mut? muté8 
D 55 C5) 38 Ch) - Mut? + 
SA 912 (254) 210 (3) - mut? muté 
B 124 (174) 18 (0) + + muté 
C 55 (0) 30 (0) - MUL? - w+ 
D 29 (2) 26 (0) . + + + 


ee 2 a ee eee 
** Numbers of prototrophs existing prior to growth on limiting medium 
are parenthesized. 
Plates were scored after eight days. 


: It should be noted that in tables indicating the phenotypes of 
viable spore clones recovered from sporulated diploids , "spores recovered" 
replaces the larger clause. Unless otherwise mentioned, each 
table represents a separate experiment. 
*** The genotype of mut7 mut8 is assigned to strains with very high 
hisl-7 (or his1-1, see sections A3 or Bl) and lysi-1 reversion 
(strains 2B 3D, 4C, and SA). muté& is assigned to strains which 
have high histidine reversions but low lysine reversion (strains 
1A, 1D, 2D, 3A, 4A, and 5B). The presence of mut7 is associated 
with the segregating temperature sensitivity (see text). 
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TABLE 27: Phenotypes of spores recovered from cross RO204: ROT-90A 


XV731-3D 
mut/7-1-1 + hts1-7 
( + mut8-1 een er! 
Growth 
Strain Prototrophs arising** on limiting at Designated 
RO204- histidine lysine cae mut 
1A 16 (0) all 
B 34 (0) strains 
G 30 (0) grew 
D 29 (0) 
2A 13 (0) 
B 16 (0) 
C 13 (0) 
3A Ut (0) 
B 22 (0) 
C a2 (0) 
4A vik (0) 
B YW, (0) 
C 3F (0) 
D 12 (0) 
6A LO, GO) 
B 17, (0) 
6; 1S (0) 
D 19 (0) 
7A 1943 (79) 25 (0) muté 
B 27s (050) 40 (5) muté 
C LOY (Aj) 9 (0) + 
D 14 (4) Fi 1s 0) rs 
8A 78 (144) 32 (1) muté8 
B QO (8) 10 (0) + 
C 137 (9) 35 (8) mut és 
D 13) Gd) DO) s 
9A 28 (4) ie G4) A 
B 2597 (2) eA) (16 )* + 
G 1463 (055) 36 (1) muté8 
D 181 (80) 23 (0) mut 8 
10A faG6.* C120) Aes ela) mut 8 
B oor (6) ZO an Uy z 
G 15 oo) 17) - 
D 175 03) 5 (3) mut 8 
11A MS 4C19b) 18 (0) muté 
B 2iy (3) LES (0) Us 
C S57 atl) Le CO) + 
D SoA 95) 16 (3) muté8 
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E 27°: (continued) 
in Prototrophs arising** on limiting 
4- histidine lysine 
19 G1) Vie ae) 
£4500 (137) 22710) 
151 (184) iss) 
20> £0) Zina ) 
roa 3) £0; '" :(0) 
231 .(202)* CO) 
221, (159) 26cm bh) 
234 a2) iss) MGU) 
fhe (0) DO ent) 
95 (233) 26 (0) 
246-157) tO pee CL) 
194505) ie (1) 
279, (213) * A0n 7 C0} 
21 id) Poke CO) 
Cores) 2 Olaaee (1) 
192, 37; 20 (0) 
2356-3) TO. C0) 
192 (158)* 26a we) 
Bie Cop del tag, (0) 
D0 Seam lay) 15 (0) 
Pe a) Ra (0) 
DAL NES) See (0) 
156/27 (Grrr (1) 
140 (119) 23h (0) 
160 wf 2) 14> (0) 
218) W160) TAO) 
125° 2711205) 129, TCO) 
1403) dC WACO.) 
30). 4(0) lise Cae) 
25a (ls) 225m C0) 
187473) 1 Sao) 
7S WIS 7) ee or (1) 


Growth 


at 
34°C 
alt 


strains 
grew 
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Designated 
mut 


4+ 
mut 8 
muté 


muté 
mut8 


Wa ee ES 
Plates were scored after eight days incubation. Numbers of proto- 
trophs existing prior to growth on limiting medium are parenthe- 


Kk 


sized. 


'Jackpott (In these cases unparenthesized numbers include pre- 


existing prototrophs. ) 


Tables 26, 27 and 28 represent data obtained in one experiment. 
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_ RO1-90aT 
TABLE 23: Phenotypes of spores recovered from cross RO208: RO1L90B 
(mb?-1-2 + homs hts1-7 + 
+ mut8-1 + + hiss-2 
Segregating Prototrophs arising** Growth 
Strain alleles at on limiting at Designated 
RO208- homS htsl hts5 histidine lysine 34°C mut(s) 
1A + + + 2 PUG) all 
B + + 5-2 Oo x6’) 9 #<(0) strains 
C - t-7 5-2 On 68) 157 00) grew 
D - 1-7 + 642° (23 Zee CO)) mut? muté8 ? 
2A + + 5-2 S 3603) 187) 403 
B + ‘ + 26, a0) 
C ~ 1-7 129 Se ©) ~ + 
D - 1-7 5-2 Ok (0) BS ROS) 
3A a + a S416 (1) + fae 
B - 1-7 + Hy (0) £4)" (0) + + 
(a - + 5-2 8" (0) 2 lee Gs) 
D - 1-7 5-2 0: (0) Zon tke) 
4A - ta? Vee 7 RRO} 1h (8) + + 
B + + + Tse (4 
G + + 5-2 Lr net) 19" *(04 
D - 1-7 5-2 Ot O) Si 5603 
6A - L=Jok st 164. 4(9) 26° MON + muté 
B ~ 1-7 5-2 Oi £0) 19 (0) 
C ~ Se ee 6 (0) 8 (0) 
D + rf 14. (0) 
7A - 1-7 5-2 OF (0) Ciera 
B - 1 ey sire aa 555.0, (42) Lo ad) mut7 mut& ? 
C + + + 17 (0) 
D = ~ 5-2 5 2e 0) 52009 + aks 
8A - de gee 40 (1) 18 (0) + - 2 
B + ~ 5-2 1 A 6 a9) Pi Mee OP 
C * 5-2 20% (0) 33» {0) 
D = 17 + Gi alee) 18 (0) + a 
9A + + + 51-90) 
B - 1-7 5-2 O (0) AS) 
G + + + AS (0) 
D - 1-7 5-2 QO (0) 8 (0) 
XV379-20C + + 5-2 136 (6) mut? muté 
XV185-6A_ - ER tes 21 2) 227 2(0) + + 
YO300-2C - 1- > Zi ACL) i760) + - 
pal ea G 19) (0) + + 
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** Strains were scored after eight days' incubation. Numbers of proto- 
trophs existing prior to growth on limiting medium are parenthesized. 
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TABLE 29: Retention of ability of mut7 strains to force-mate 
following ten hours pre-incubation at oe 


a) Complementation of mut7,his1 haploids force-mated to MUT" ,hisd 
Haploids for four hours at 36°C--growth on -his plates at 36°C 
after mating. 


MUT" , his5-2 Strains 
XV185-6D(a) XV185-4A(a) 


Pre-incubated for ten hours, at-- 2600 36 <C 26° Gua 36.C 

Strain 

RO255-3A. =a, MU’ , his 1-7 A : 
2a ee n” + 3 

RO255-1B a,mut7,hts1-7 + ? 
«NA i " + : 

RO255-3D a,mut7,mut8,his1-7 . 2 
=p Oe tt it " an 5, 


b) Complementation of a mut?, HOM haploid force-mated with MUT* 
(mut7 reverted) ,homés haploids for four hours--growth on -thr. 
plates at 36 C after mating. 


Precanedbated for tenshours, at-= 20 0) cose amnsGdc 00, Gu 
Mated for four hours, at-- 26°C 36% 26°C. 36C6 
Cross 
RO428-6B a mutt7-1 =: HOM" ‘ : i r 
RO428-6C' 12 a mut7-1-12 hom3-10 
RO428-6B'11 a mut7-1-11 HOM 
+ + + + 


RO428-6C112 a mut7-1-12 hom3-10 
SU 
* Diploids from both strains mated under these conditions were 


sporulated successfully (>10%). 
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ois Macromolecular Synthesis in a mut7 haploid at 36°C 
Once it had been determined that mut7 confers a cde 

phenotype on cells incubated at 36°C, it was worthwhile asking whether 
the cessation of cell division was due to cessation of protein, RNA 
or DNA synthesis, or some combination of these. Uptake of radioactively 
labelled amino acids and bases suggested that protein and RNA synthesis 
continue at this temperature (Ord unpublished, von Borstel and 
Johnston, unpublished). Using the procedure of Johnston and Game 
(1978), von Borstel and Johnston determined that uptake of label into 
DNA in the mut7 strain RO428-6C, and the mut7 mut8 strain RO&8-4B 
was curtailed, but did not abruptly cease at 36°C (unpublished). 
B. Cox (personal comm.) had found that another mut7 mut8 strain had 
no residual DNA synthesis. However, it was considered that this may 
have been due to the presence of other ts loci in the strain (see 
section A3a). The experiments of von Borstel and Johnston weren't 
performed under 3H-uracil ool equilibrium conditions, and so one 
might have expected continuous (if reduced) uptake of H3-uracil if 
reduced DNA synthesis or DNA repair was occurring. To resolve the 
question of whether total DNA was increasing in mut? cells held at 
36°C, the diphenylamine assay described by Roth (1974) was used, and 
adapted for haploid yeast. Since it was possible that mitochondrial 
DNA synthesis might also have been affecting the uptake experiments, 
and that this would similarly affect the diphenylamine assay, 
presumptive p strains were induced (two subcultures in 1Cug/ml 
ethidium bromide) from the mut7 strain RO428-6C, and the muT* stock 


RO400-10C. 


rL 


we +. 


4 
x4 
MP 
w@ i, 
a 
vm H\ 
fi 


; 


anew $6 dare (hsoubee Bot 


‘ foe st, oa ipo a) 


Ph) ; i . vf = ui “4 
1 bietged Nome e o: 
| mek ; : 


«arnt Ser nat | b cites er 7 weed bail 94 


swat bs rab ie ew ihe wal! Henig a ne (mast 


é ves coisa a ae Owe oes mamixogny ¢ eit 
he ity At ick 


- 2 i Pe ‘ he 
Len 


xh of thao 2ay oi a fond: tipo. 0 rome 


aa hoc nama Phi : 
: Wang a! >, oi iee 


hte iat cunts eave notaivih TER Yo qoideceie) od 


t 
SO tl, Ae i ie 
edesqt .eaed? 20 soite LGD Doan ie shavites eM, 
nN ey | q i a 
Ri me M i. eee an § 
Wotg Jad? borengawe Peeae one Cc: bits) out = be. : és 


‘ 5 i ; nee t pons ae 
eh eee Ga as _ a 
rod now’ \badkildugne 220), 99 ine sams aint o sunt Pam 
; Wa: ae ; oh es , 4 a oven 
‘amb Yo etbeso i © wily yar i al the eilouae jor 


sae 4 sae oF | , ay 


ent festa ra sb said YT ay a Vag soft nti, q is 
i Rae tsa |! = co lig ms 


'weeees: sue % tie » Git hie 4 do» 8s spo desde Ati. lt ‘ 


> % 


* oF a6 az 4 of ne 4 az ky nde Jen | wi “ad, er t e., _ ab : 
? ) ie ) oer 2 i 
7 i¥ea8 ie, ; : by a0 bait {tae Eamodxeq) 2 


i ee dal Te ln bet 


ee |. wae Bd ', ly OEY 


ea : 7 os ; “Ss vi eee” i | 
mre 6 ay 16 7 ci 5 his ‘to sat mings 3 ont nee aly, a 
ole ersten - pasha ep ni r, : 


uh 


We Fre ti ie 
ie me ¥ rf ; 


} isi 4 sail : mo Pet ope a: 9 + : 


ie a 


5 


x oe% 


— ; f * , Ov i : : i 


78 


Large numbers of cells are required for the diphenylamine assay, 
and so it was necessary to grow the strains to as close to stationary 
phase as possible before starting the experiment. Table 30 and Figure 2 
indicate that all stocks grown at 26°C attain numbers of at least 
1.5x10° before most cells enter stationary phase. Preliminary data 
indicated that where cell counts were much lower than 10’cells/ml 
the diphenylamine readings would not be reliable. This is in 
agreement with Roth (1974). 

Table 31 and Figure 3 show the effect of 36°C incubation on mut? 
strain RO428-6C (0° and op ). In both strains, total DNA abruptly 
ceases to increase after the shift to 36°C. The mut/7 0 strain was 
also assayed after ten hours at 36°C, to ensure that DNA synthesis had 
not halted merely becune of temperature shock. 

Table 32 and Figure 4 compare the 0 mut? strain RO428-6C with 
the p_ MUT™ strain RO400-10C. Again the mut7 strain ceases growing and 
ceases increasing in DNA content quite abruptly, but here the 
MUT™ strain does so as well, at least momentarily. It is possible, 
then, that the rapid halt in DNA increase is dependent on some other 
factor. However, it is clear that, once halted, increases in DNA 
content do not occur in the mut7 p strain. 

Figures 5 and 6 show the changes in haploid DNA content per cell 
as cells approach and enter either into stationary phase, or into a 
36°C mut7 -mediated cell arrest. It is interesting to note that the 
decline in daltons/cell of DNA seen in all late log phase cells cultured 
at 26°C mimics the decrease in DNA/cell of mut? late log phase cells 


incubated at 36°C. The decreases themselves are likely to be due to 
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the change from two genomes per cell in rapidly dividing culture to one 
genome per cell as cells slow their rates of division. Note that 

the DNA content per cell calculated from these experiments closely 
resembles other estimates of DNA content per (ore yeast cell (0.8 x nee 
tomk, 5 Xx 10 Hartwell, 1970), that the o* mut? strain appears to 


contain more DNA per cell than the o derivative (Figure 6), and less 


DNA per cell than the MUT’ p~ strain (Figure 7). 
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TABLE 30: Ongoing cell division in p* and p derivatives of mt7 
and MUTt strains incubated at 26°C 


Hours Total Proportion Number 
after cells/ml. of budded of cells 

Strain innoculation of culture ‘cells counted 
RO400- 0 4.7 x 10° 0.74 188 
10C, 2 iesex oe OTT 1262 
MUT 7 avg .t 0077 466 
ot 7 rom OR 0.60 190 
9 Ie Wx: 10 0.48 428 
11 Bhat 0.36 The 
19 peasy i 0.06 384 
RO400- 0 2.4 x 10° 0.78 955 
10C 2 sesh. 0.76 425 
MUTT a7 Sn tia 0.74 431 
o7 7 1 Stic 0 0.67 379 
9 ay Bae 0.63 670 
11 nay & 0.58 625 
19 Case 0.19 347 
RO428- 0 ator 0.93 922 
6C 2 ewes 0.80 445 
mut? AT 1 4322010 0.91 1392 
Aw 7 See ou 0.88 330 
9 4.6 " Os 457 
11 sex 10° Onz7 1318 
19 tee of 0.95 1824 
RO428- 0 use 10° 0.89 986 
6C 2 As 0.89 447 
mut? Ae Beat: Ha te ner 422 
on 7 Dox AQ 0.80 444 
9 olen O71 739 
ta os a 0.83 683 
19 4.2% 10° 0.82 419 
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Fig. 3. ‘Cessation of net DNA increase as measured by the diphenyl- 
amine reaction ( average of two samples/point), and of cell 
division in mut7, po cells, compared with mt7p cells, 
36-6 (@) vs. 26°C (9). The cells from each strain were 
split into two subcultures; one subculture from each strain 
was shifted to 36 C after two hours incubation at 26 C 
(arrows). 
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Fle, 4. Cessation of net DNA synthesis asmeasured by the diphenyl- 
amine reaction (average of two samples/point), and of cell 
division in mut7,p_ cells, compared with MUT , p cells, 
at 36°C @) vs. 26°C (Q). The mt? cells yere split into 
two subcultures ; one of these, and the MUT culture were 
shifted to 36 C after two hours! incubation at 26 C 
(arrows). 
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Fig. S. Daltons of DNA per haploid cell in late log phase mut 7 07 
cells (a.) or mut7 p cells (be) incubated at 967 (o) or 
BG aval #4 
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3 Spontaneous Mitotic Recombination 
a. Introduction of htsi-1 into a mut7 Strain 

Although the mut7 strain RO1-90A coreverted for 
temperature sensitivity and mutator phenotype, none of the revertants 
isolated at 34°C would grow at 36°C, and attempts to isolate revertants 
at 36°C were unsuccessful. It was assumed that the strains carried at 
least one other (36°C) temperature sensitive factor, as aravadi 
others .VistockssetestedwataA MUT™ stock KC179-15A (Tables 1 and 2) 
which grew at 36°C was crossed to RO1-90A to attempt to separate 
the other temperature sensitive loci from mut7. 

KC179-15A carried the mutant allele hisi-1, which reverted at a 
low rate in the Lassie test. The allele is believed to have been 
caused by a frameshift mutation (Magni, 1963). As can be seen in 
Table 33, the diploids RO400 (KC179-15A/RO1-90A; MUT” /mut7, his1-7/his1-1) and 
RO417 (KC179-15A/RO1-90A; MUT* /MUT" ; hts1-7/hisi-1) had high Lassie 
scores for histidine reversion, presumably due to intragenic 
recombination between the two Aisi alleles. The spontaneous reversion 
rate for Zys1-1 in the diploid strains was approximately that of the 
MUT™ haploid strains. | 

This enhancement of histidine prototroph formation was found 
to be consistent for all heteroallelic, non-mutator diploids tested 
(see Section A3c), with histidine Lassie scores of between 60-200 
prototrophs per plate, as compared with scores of 10-20 for 
his1-7/his1-7 strains and of 0-2 for hisi-1/his1-1 non-mutator diploid 
strains (see Tables 50 to 53). This result pointed the way toward a 
useful assay for measuring spontaneous recombination in mutators--another 


parameter of DNA repair. 
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Tetrad analysis of strain RO400 (Table 34) indicated that two other 
ts markers were segregating, besides mit7. Both had terminal phenotypes 
which were recognizable under the microscope. The "tsx'' strain 
resembles the "cdel1" terminal phenotype (Hartwell, 1972), while "tsy" 
spores become single cells two or three times the diameter of cells 
maintained at 26°C. Cells bearing tsx or tsy were able to divide a few 
times before growth ceased, but the ts phenotype was clearly discernible 
on replica plates incubated for two days at 36°C. These strains could 
still grow at 34°C, while mut7-bearing strains could not. 

To eliminate tsx and tsy from the mut7 background, the following 
protocols were employed. The first, summarized in Table 35 (and Tables 
36-48), determined whether any strain carried another ts locus. Then 


the mut? locus was outcrossed until no other ts markers segregated. 


b. Properties of the fitvsiI-1 allele 

The process of eliminating the ts mutations genetically 
permitted us to analyse reversion of the his1-1 allele extensively 
(Tables 36 to 48). Table 36 shows the segregation of mut7 and 
his1-?. Tables 37 and 44 show the lack of effect of mut7 on htsi-1 
strains (a mean of 1.3 reversions per plate compared with 0.9 
reversions per plate for MUT™ strains can be calculated from the data 
in Table 37). In Tables 38,39 and 45, the hig1-1 allele can be seen to 
segregate 2:2, as a low histidine Lassie score, from the Wts1-7 or the 
HIS’ alleles in homozy gous MUT”™ strains. 

The hisl-1 allele was then analysed in a mut& and mut/ muté 


background. Table 40 shows the usual effect of mut7 and/or muté on 
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hts1-7 revertability. However, in Table 41, note that the htsi-1 
Lassie scores in RO406-3A and 4B (which presumably are mut7 mut8) 
appear to show greater than 20-fold enhancement over what would be 
expected) in MUT” or mut? homozygotes. It would seem that the double 
mutator mutant acts synergistically on htsi1-1 (see also Table 58). 

Heterozygotes for mut8 segregate for high hzvs1-7 mutation 
(Table 42). In crosses heteroallelic for nisi and heterozygous for 
mut8 alone (Table 43), the higher its1-1 reversion noted in Table 41 
is seen again. Crosses 107 and 108 (control crosses for mutator 
allelisms, Tables 59 and 60) confirm that mut8 does cause a five- 
to six-fold enhancement of his1-1 Lassie reversion. Homozygosity for 
mut7 has no effect on the segregation of the hts1-1 phenotype (Table 46). 

Other loci segregating in these crosses have been included in 
several tables. cryl, in the homozygous condition, has been found to 
enhance spontaneous reversion of dysi-1 (Morrison, bGyS)e ) 1 lie soresence 
of this marker appeared to have no effect on any haploid strains 
tested here (Tables 38, 39, and 47). Similarly, ade2, a marker 
affecting DNA metabolism doesn't seem to influence reversion scores 
(Tables 38 and 47). 

The segregation of his1-7, hisi-1 or HIST” alleles does not 
appear to affect reversion of lysi-1 in mut/7, mut& or MUr™ strains. 
[The other auxotrophic loci also have little effect on mutation. When 
stocks containing only his1-7 were constructed for auxotroph mutation 
studies (see section Alc), the absence of other markers appeared to 


have no effect on Atsi-7 reversion (data not shown) . ] 
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Tables 47 and 48 describe the phenotypes of tetrads segregating 
only for mut7, hom3, his1, and arg4. These tables may be useful 


for reference when comparing crosses of mut/ to other mutators. 
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TABLE 34: Phenotypes of spores recovered from cross RO400 
mut? hom3-10 htsi-7 + 
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Segregating Prototrophs arising** Survival 
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LE 34: (continued) 


Segregating Prototrophs arising** Survival 


Sitieurallelesuar on limiting at Designated 
00-  cryl* hom3 histidine lysine 36°C 34°C _ mutator 
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Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

These strains failed to grow when plated.on YG medium 
Recombination has probably occured between hom8-10 and hisi. 
Note the failure of segregating cryptopleurine resistance to 
enhance spontaneous reversion in MUL or mut7 haploids. 


Ise 


ead’ ‘hak ee 
of eonesettny = | 


TABLE 35: Temperature-Sensitivities in tetrad RO400-8 -- a 
complementation Matrix and its interpretation 


A. Strains crossed and diploids created. 


RO400-8A RO400-8D XV731-3D 


mut? mutt mut 8 
RO400-8B RO411 RO409 RO406 
mut7/ 
RO400-8C RO412 RO410 RO407 
mutt 
XV731-10A RO405 RO408 
mut8 


B. Complementation at 36°C. 


RO400-8A RO400-8D XV731-3D 


RO400-8B it - - 
RO400-8C +/- + + 
XV731-10A * = - 
C. Interpretation; let tsx and tsy be two temperature-sensitivities 


which curtail growth at 36 C, but not at SAGs 


RO400-8A RO400-8D XV731-3D 
mut? tsy sx tsx 


RO400-8B mut? tey _+ + tsx + tsx 
mut?’ tsx Mut? fe tsx mut? vsx mut7? tsx 
RO400-8C mut? tsy tsx + tsx + 
tsy + wtsy + in TSY + wtsEy 
XV731-10A mut? tsy _ + tsx tsx 
tSx + + tsx Gea Ashe 


* Strain RO411 (mut7/mt7) also failed to grow at BACEE 
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TABLE 36: 


Segregating 
alleles at 
homs htsi1 


Strain 
RO401- 


VOW e 
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Phenotypes of spores recovered from cross RO401 


nee 


+ +1 


+ + 1 


+ 


+ 


+ | 


que? homs-10 hisi1-7) 
+ + + 


Prototrophs arising** Survival 


on limiting at Designated 
histidine lysine 36°C 34C mutator 
89 (2) At (1) = - mut7 
47 (0) - - mut7 
131) 60) c2 ae + 
62> CZ) 16 €2) 7 - + 
9 (0) + ar + 
12> °€0) 5a. £0) - - mut 7 
2974, () 6; 300) - s + 
Sh. ic) - - mut7 
84 (0) 46° (0) ~ - mut 7 
20. (2) - + a 
Ag (2) 9. (0) - . + 
AZ Oy) - - mut7 
os. 0) 11 (0) ~ + + 
ES)" C64 * + + 
55 a) - - mut7 
135765) 45. (} - - mut7 
24. (0) te @) + + + 
om 8CP) + a + 
94, (2) 59 (0) - - mut7 
564 500) - ~ mut7 
44 (0) ~ - mut? 
27 §‘€0) - + + 
29 (4) EOrD CO) xe + + 
105. 4625 53 G2) - - mut? 
te 4G) + + + 
54 (0) 3a (0) ~ - mut? 
81 (0) 52 (0) - - mut? 
14 (0) - 4s + 
13 C0) :- + + 
6a. (03 - - mut7/ 
Sy COD L7 oly + + “ 
69" > (0) 42 «€0) - - mut 7 
ay, 42) 13° «{0) + + + 
84. (8) 42 (0) - - mut7 
Shi a0) + + + 
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TABLE 36: 


Segregating 
alleles at 
homs htsl 


Strain 
RO401- 
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(continued) 
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+ +1 J 


+ + 


histidine 
LO2 463) 
27 tO) 
99 (1) 
50. 0) 
39 (dy) 
TS. ee) 
Ze OD 
28 (0) 
108: © €3) 
935. 4G) 
59) 50) 
132 9@3) 
19° #63) 
46: *(@) 
AT at Oo) 
109 (0) 
S57 (0) 
15) st) 


Prototrophs arising** 
on limiting 


lysine 
80°) Gh) 
235' 0) 
53° Adi) 
ee 0.) 
69 (0) 
48 (0) 
15. G0) 
LO- Gh) 
1244.60) 
S27 GeO 
75) Cay) 
9.2) 
BS a0!) 
PO) 
I> (0) 
06 ean (1) 
Ze Os) 
AS \(O) 
La) (0) 
SS eum) 
72 {09 
T5440) 
543.1) 
17 £03 
560 tO) 
55) (2) 
14.4 CO) 
6. *00) 
ZAC) 
44 (0) 
eae, AN) 
olf a Gly, 
SZ a0) 
30 (0) 
neesan gh, 
27 VCO) 
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TABLE 36: 


Strain 


RO401- 


19A 


Segregating 
alleles at 
hom3 htsi 


+ 


+ 


+ 
+ 


(continued) 


+ 


+ 


Prototrophs arising** Survival 


on limiting 


at 


histidine lysine BGO SAc@ 
29 (0) + + 

149° (Essie 65 (2) z : 
34 (0) ules Gone 810) + + 
566) : 

67 (4) et ey) . é 
25 to) Ae CO) + + 

3 19 (0) + + 
39 (0) - a 
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Designated 


_mutator _ 


+ 
mut/ 
- 
mut 7 


mut7/ 
+ 
+ 

mut7/ 


pe ce ee 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

+ hom3-hts1 recombinants 

» slow-growing strains 
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TABLE 37: Phenotypes of spores, recovered from cross RO402 
(mt? HOM ie iet, 
So a TE Deal. 
+ HOMT htsI1-1 


Prototrophs arising** Survival 
Strain on limiting nat ae Designated 
RO402- histidine lysine SOrC ~ 54 0 mutator 
1A Lee 9 (0) + + oye 
B 0 (0) 41 (0) ¥ - mut? 
C O50) 105 #2009) + + <p 
D 0 {0) 56. (0) = = mut 7 
2A 1, (0) 23 iE) - - mut? 
B OF TAO.) 10) C1) + - + 
C O- ) > C0) - as ae 
D 6: 40) GF. i) - - mut? 
3A Oe 60) Sa hl) - - mut? 
B i Ca 1) Gy) +/- + + 
C Ons (8.3) at C0)) * a + 
D 5 (0) 60: 0) - - mut 7 
4A 1 eo 60 {TG - - mut 7 
B Oy C03) 59° 4) - - mut 7 
C ZO) 1009 + + - 
D 0 (0) 16. 03 * ft ve 
SA 2 10) 56 1008) - - mut 7 
B 1, (0) 19) + + a 
6 2) a lO) 68 (0) - - mut? 
D i 0) i ay G3) + + 
6A OH ee) 20 (0) + + a 
B 2 US) To. 609 + + va 
G 4. (0) AY *( 0} - - mut? 
D 2 (0) 48 (0) - - mut7 
7A De” 60) 40 “(0) = = mut 7 
B 1 (03 ao) yaks - - mut? 
C Opies 68.8) 1a 00s) + + uh 
D 0 (0) Ly 0D - + vi 
ga? 202103 6 (0) + + fF 
pe 0 (0) 40 (0) : : mut? 
C Oye CO) PLayeo) + + i 
D b> 20) 23. (0) - - mut 7 
9A 0. -(Q) 38, > (3) - - mut 7 
B Oy “E00 TS. ee) + + v 
C 0 (0) Eva al) - - mut 7 
D 1: (0) 20 (0) + + 
10A° ihe 8) oo) - - mut 7 
B 1 =O) 14. (0) + + + 
C Lia (0) 44 (0) - - mut 7 
D Lyee(O) 8 (0) : 3 ~ 


Me Foe 


TABLE 37: (continued) 


Prototrophs arising** Survival 
Strain on limiting a Designated 
RO402- histidine lysine 36°C 34°C mutator 
11A OBECO}) tae 3.00) + + + 
B 0 (0) s55(0) : - mut? 
é Ze (0) 59)-- (0) - - mut7 
D $1 (60) 8 (0) Z + f 
12A 2a (9) 355 0) . 7 mut? 
B One(0)) Som. 0) = = mut/ 
G 20) 5 Mee AON + i. + 
D ‘ven CO 15 (CO) : + + 
13A Aa (0) Oy. (2) ~ - mut 7 
B 57 (0) soy (0) : ? mut7 
C O (0) yeh (0) - a + 
D 0 (0) 4 (0) - + = 
14A D0) 55. (0) 4 - mut? 
B iyo 08) 5 (0) - + “i 
C ay 60) 68 (0) = a mut? 
D 0 (0) fa" 0) t+ + z 
15A 62) 2g (1) - - nut? 
B OF; (0) 2a (0) + + + 
Gr 12 (0) 9 (0) = + 
D ie 0) ooa-7(2) 3 . mut? 
16A Pe CO) ee BG = = mut 7 
B Gl (0)) Oe CO} + + He 
C Sw C0) 255 i(0) . = mut? 
D Oe (0) Ta 0} = + a 
17A @ * (0) 28. (0) - # mut7 
B 0 (0) 11 (0) ‘stm A 
C tr ( 0) B91 0 /(0) = = mut? 
D 24ai60)) i < (0} eae: yi 
18A 5 CO 25 (0) + + a 
B On (0) 18 (0) : ‘5 + 
C jpn 9 28 (0) z 5 mut 7 
D in 0) 29 (0) - - mut7 
19A E (0) 1357 00h) + + si 
B 15560) Sore «Gh - - mut? 
C 0 (0) 12 (0) - = mut? 
D Or (0) Late (ch) et = + 
20A aie Gok: Toe sch Ge reeny i; 
B 2 AOS pty ee EL) # + + 
C 1 (0) 53° © {0} - - mut 7 
D 0 (0) Doe 5 x mut 7 


** Pre-existing prototrophs are parenthesized. 
mi fackpot o Strains unable to grow on YG medium. 
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TABLE 38: Phenotypes of spores recovered from cross RO403 
jor hom3-10 his1-7 + 
T 


MUIF + oe ry 

Segregating Prototrophs arising** Survival Segregating 

Strain) alleles at on limiting at alleles,at 

ROA0s=" hone nisi , histidine, lysine 56 Cl sAnC eryl ade2 
1A + 1-1 £00) Leo) " P - 53 
B - 1-7 18° (6) Tagg) - + + = 
C - 1-7 24:5 (49) 15) k0) - + - 
D oe uti 2 OD 19) Ac) + + + + 
2A + 1-1 2) 68) 1577 403 + + + + 
B ~ 1-7 26) FCO) oes a + - - 
G ~ 1-7 Si 0) 10200) + + - + 
D + 1-1 1. G0) L725) - + - - 
3A - 1-7 13), 0) 65 08) - + = + 
B S 1-1 Q> “(Oy PAL) + + + Ee 
G = 1-1 Q (0) 20:20) - + + a 
D - 1-7 6» 0) Tul) + + bs + 
4A tits Wel ee ee) Fae O) + + = ~ 
B.. - 1-7 215 3.0) 77 mt) tae et a + 

C.. - 1-1 0» (0) 1 Deepa +/- + + 
D “ 1-7 14 (0) Lia) + + ~ 

SA + I-1 0. (0) TiO) - = + + 
B - 1-7 OA eo) 12e a(0) - + + & 
C = 1-1 ty sG05 Tage cD - + a “ 
D - 1-7 9°" C0) AOS 2) * + 5 * 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

- 'Jackpot' (In these cases unparenthesized numbers include pre- 
existing prototrophs. ) 

+  hom8-hts1 recombinants 
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TABLE 39: Phenotypes of Spores recovered from cross RO404 
MUP HOM3" his1-1 


ee 
( MUT? HOM3 + ) 
Segregating Prototrophs arising** Survival 
Strain alletes vat on limiting at 
RO404- + eryl his] histidine lysine 36°C. 34°C 
1A - - pes Ga 15a OD) - - 
B + + 27 CS) + + 
C + “F LOM GL) + e 
D - - Je OD) Bs eels) ~ + 
2A + - Fon CO) 15: SAG04) + + 
B + + 22° tila) + + 
C - = 22-0 10) - + 
D - ; 54° (0) 14 (0) : - 
3A + + Lf ea COy) +/- + 
B - + 10 62) + + 
G = - 2h) (26 199-09 - + 
D - - 0 (0) Lie ee) + = 
4A - + TSerer)) + + 
B + = Le / (08 S6muCL) - + 
C - ~ Og) (Oy 14 (0) + + 
D + + 9 C0) 7 re 
SA + * 6: FO} - - 
B + + Pieri) = + 
C - - 2530) 14 (0) + + 
D - - Py) 1) + + 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 
* 'Jackpot't(In these cases unparenthesized numbers include pre- 
existing prototrophs. ) 
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Phenotypes of spores recovered from cross RO405 


ja + hom3-10 hisi- 
+ mut8 hom3-10 hisi- 


Prototrophs arising** Survival 


on limiting 


histidine lysine 36°C BA 1c 


19 (0) 8 (0) + 
841 (260) 75 (4) x 
GA (117) vx 969% (11) z 


BD (0) 7a (0) + 
DEAN (18) 24 (0) & 
67 (0) 3ay% (2) : 
S70r (LOT) Va0Gin (2) 
465) (445)* 1 10sy (0) + 
24 (0) 8 (0) + 
139s (13) 18 (0) B 
738 (7) pe (0) a 
24 °(18) 10 (0) + 


87 (13) 2a wi(0) : 
989) (220) ar 98) (14) 


31 (0) aim '(0) x 
340 (15) 94 (5) 

155 (10) tas (03 + 
30 (5) Ala) (0) ‘ 


ag 
7 


at 


+ 
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Designated 
mutator (s) 


~ a 
mut7 mutés 
mut? muté 

+ = 


+ muté 
mut/ + 
mut? muté 


mut? muté 


+ + 
mut? muté 

+ muté 
mut/ + 


Pe ce ee ee ee ee 


** Numbers of prototrophs existing pri 


medium are parenthesized. 


H iackpot™ (in these cases Unparen 
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TABLE 41; Phenotypes of Spores recovered from cross RO406 
(mut? i + + hvsi-1) 
+ mut8 hom3-10 hts1-7 + 
Segregating Prototrophs arising** Survival 
Strain, “alleles at on limiting oat e Designated 
RO406- hom3 hts1 histidine lysine 36-C 34 C,.. mutator (s)7 
1A - 1-7 5Al (2S ay lobe. aCOD - F + 
B if 1-1 8 (0) PSs 360) - + + 
C - 1-7 33 40) 10 (0) - ~ MUG? + 
D + 1-1 0 £0) 253 e0) - - mut 7 
2A + 1-1 0 (0) Ay dala G82) - + + 
B - 1-7 23. £0) 13* TOR - - GOy a 
C - 1-7 1410(108) eee) - mut? muté 
D >, ed 8 (0) 251. G) eis te f 
3A + 1-1 TO £2) 102° iG) ~ - mut? muté 
B + gl 2 (0) 11 (0) aa 2 
e - 1-7 142 (6) 24 (0) * + + muté 
D - 1-7 18..( 1) LZ F008 - - ONT. We ag 
4A - 1-7 126..(43) 7 AD - + muté 
B * 1-1 67° (0) 10S 87) - - mut? muté8 
G + 1-1 0 (0) & (0) 4 1 
D - 1-7 50 (4) AS. Ae) - ~ Wuc/ 86+ 
SA + 1-1 6 -€0) 23. VEO) + + + 
B + 1-1 4 (0) 5 acZ) - cf + 
C - 1-7 64 (2) 20, 200) - ~ Tue? 1 OF 
D - 1-7 15°(@) 6.) COR - - OTL + 


4* Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 
* ‘Jackpot! (Inthese cases unparenthesized numbers include pre- 


existing prototrophs. ) 


+ mut7 mut@ strains are determined by lys1-1 reversion and 
temperature sensitivity. 
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TABLE 42: Phenotypes of spores recovered from cross RO0407 


( + homds-10 hts1-7) 
mut&8 hom3-10 his1-7 


Prototrophs arising** Survival 
Strain on limiting oat _ Designated 
RO407- histidine lysine 30.C 326 mutator 
1A 49 (3) L030) + + + 
B Dee 20.) i251 (15) + + 
C 2 OL 0) ii (0) cf v muté 
D 269. (12) oe , (0) - > mut 8 
2A 279. (68) 102 (0:) - + muts 
B PL UR Pam tC 0) + + muté8 
C 14 (0) eee 0)) - = + 
D 24, (0) anc) - : + 
3A £7 Sa Ck2) ear” (0') + - muts 
B 19. (0) Tas 0) + + 
C he (0) Le s2(0:) s + 
D AAS (67) 17s (98)* ~ = mut 8 
AN 205. (253 18-- (0) + + mut 8 
B Ze Ol LS, (0) - + + 
c Pa OD Ter (0% - + + 
D Sie a a) bog (21s) t m7 muté 
SA 39.72 (36) lie Poh) - + mut 8 
B ye) ta i) au 0) f “ + 
C 266, ° “(5C) Tae (0) - a mutés 
D 26, .(0) So 260) + + + 


PE SE REN SERS sc RE TELE A 
*% Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 
* 'Jackpot' (In these cases unparenthesized numbers Pnucilude wre 
existing prototrophs. ) 
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TABLE 43: Phenotypes of Spores recovered from cross RO408 


Straims. alleles ‘at on limiting at Designated 
RO408- hom3s htsi histidine lysine 36°C 34°C mutator 
1A - 1.7 28u,. (0 tae, GOs) - + a 

B - 1-1 aes 6,” (0) = + 

C + 1-1 Ivar COD Tow + (0) - + 

D - 1-7 LAS ts) fe, 40) + + mutés 
2A + 1-1 Lie COD 56, —(4) ee + 

B + 1-1 20) 0D Su (09 - t 

G - 1-7 S075 Gap) dae ( 1) - = + 
D - 1-7 oY: Se) £5, (0) - + mutés 
3A + 1-1 eco 10, (0) - i + 
B - 1-7 2568. C39 9. (0) + + muté8 
G - 1-7 249 (61) Nai ng) ~ t mts 
D + 1-1 0700) Or dy) - = + 
4A - 1-7 Sie tcp te COD - + 

B + 1-1 Za COD Jie (CO) - te 

¢ 1-1 Jae COS 2657 (0) 7 + 

D - 1-7 $9OP A 23) P2009 u = muts 
SA fe 1-1 5. (0) 157 (03 + + 

B - 1-7 33h (74) LSP . Ch) - a mut 8 
G + 1-1 O (0) 2 X(03 + a 

D - 1-7 evs eb) 1S e(07 - + + 


( + + - pastel 
mut8 hom’-10 hts1-7 + 


Segregating Prototrophs arising** Survival 


Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

'Jackpot' (In these cases unparenthesized numbers include pre- 
existing prototrophs. ) 
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TABLE 44 Phenotypes of Spores recovered from cross RO409 


(aes his1-1) 
+ htsi-1 


Segregating Prototrophs arising** Survival 


Strain alleles at on limiting at Designated 
RO409 homs htsi histidine lysine 36°C 34°C mutator 
1A All are 0 (0) SA (4) ~ - mut 7 
B HOMt  hts1-1 (Op 12; (@)) + + + 
G uf (0) 43 (0) - - mut 7 
D 0 (0) EZ (0) ~ + + 
2A 0 (0) 13 (0) + + + 
B 1: (0) 8 (0) + + + 
C 4 (0) 32 (0) - - mut/ 
D L (0) 44 (0) - - mut? 
3A I (0) 1% (0) + + a 
B 2 (0) 47 (1) - - mut? 
C 1 (0) 8 (0) - + + 
D 0 (0) 41 (0) - - mut? 
4A 1 (0) 13 (0) + + 4 
B if (0) 34 (0) - - mut7 
C 0 (0) 16 (1) + 18 + 
D 0 (0) 13 (1) - - mut 7 
SA 0 (0) 54 (15) - - mut7/ 
B 2 (0) 42 (0) - - mut7/ 
G 6 (0) oz (Oje. + /= + 2 
D 0 (0) 8 (0) + + + 


4% Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 
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TABLE 45: Phenotypes of spores recovered from cross RO410 
MUTt hom3-10 his1-7 + 
ore en an ede 


+ + et 
Segregating Prototrophs arising** Survival 
Strain ~aileles at on limiting at Designated 
ROA10- rome rei -histidine ~ lysine 36°C 34°C mutator 

1A + 1-1 1 (0) 9 (0) ~ + Ai ieare 
B + ee 0. 40) BRON os + Mur t 

g - 1-7 if (0) 8 (0) - + 

D - 1-7 10 (0) 12 (0) - H 

2A 1-1 0 (0) 10 (0) - + 

B x 12 (0) = : 

C : 1-7 7 1 02) Mae Ts z 

3A - 1-7 bee) OMe af 

B + it Gy) £400) oo Patent : 

C + 1-1 0 (0) 3 (0) + = 

D - 1-7 14 (0) 8 (1) + + 

4h . 1-7 11 864) ar : 

B : iE 6 2) La ORM ot ae y 

C + 1-1 0 (0) 10 (0) + + 

D - 1-1 1) 48) HP Cats, 4 
5A - 1-7 i (o 1) “Gee. + 

B 1-7 ee, Bu gO es i‘ 

C + 1-1 0 (0) i? (es) + + 

D Lad 0 0) HD GCOS) 2 i 


** Numbers of prototrophs arising prior to growth on limiting 
medium are parenthesized. 
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TABLE 46; Phenotypes of Spores recovered from cross R0411 
mut? hom3-10 hisi-7 + 


Ca? + + hisi- ? 

Segregating Prototrophs arising** 

Stain: aldeles at on limiting Designated 

RO4i1=  ‘homs--fvsi histidine lysine mutatort 

1A 1-1 3 (0) 58 (1) All are 

B 1-1 0 (0) 44 C2) mut/ 
ne - 1-7 29 (12) 44 (1) 
D - 1-7 28 (16) 42 (ye) 
2A - 1-7 59 (32) 52 (0) 
B + 1-1 0 (0) 54 (2) 
C + 1-1 ae a0) 41m 1) 
D - 1-7 36 (20) 56 (0) 
3A > 1-1 1 (0) 43 (0) 
B ~ 1-7 49 (23) 34 (1) 
G ~ 1-7 67 CLs) 40 (0) 
D + 1-4 Ty nes) SiG!) 
4A “ 1-1 Z (0) 63 (0) 
B 1-7 oy ee) 24, (GQ) 
G + 1-1 1 (0) 56 (0) 
D - 1-7 45 (ciety) 59 (0) 
SA - 1-7 25 (12) - (1) 
B + 1-1 0 (0) 60 (0) 
C + 1-1 2 (0) 68 (2) 
D - 1-7 145 (18) 52 (ay) 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

+ All strains failed to grow at 34 SOhorsocc! 

* Plate contaminated. 
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TABLE 47: Phenotypes of spores recovered from cross RO417 (gyre) 


Segregating Prototrophs arising** Growth Segregating 


Strain jarvieles at on limiting at alleles. at 
RO417- homd hisi histidine lysine 36°Ct eryl ade2 
1A a 1-1 1 (0) 14 (0) = + = 
B - 1-7 25 (0) 10 (0) - “% 
C - 1-7 35 (0) 8 (0) - - 
D + 1-1 0 (0) 10 (0) + - - 
2A - 1-7 30 (0) 12 (0) + + = 
B + 1-1 0 (0) 5 (0) + sf - 
C + 1-1 0 (0) 8 (1) - - 
D 1-7 20 (2) 7, (0) + - + 
3A + 1-1 2 (0) 14 (0) # + + 

B + 1-1 1 (0) TS (0) 
C - 1-7 26 (2) 9 2.) + + 
D - 1-7 26 (0) 11 (0) - - - 
4A + 1-1 0) (0) 14 (0) e - + 
B - 1-7 28 (0) 7 (0) + + 
€ - 1-7 63 (0) 11 (0) = = 
D + 1-1 3 (0) £3 (0) - * - 
SA + 1-1 0 (0) 7 (0) - - - 
B - 1-7 56 (2) 18 (0) + + + 
C 1-7 17 (0) 16 (cb?) + 2 + 
D 1-1 0 (0) a (0) + + ¢ 
6A - 1-7 45 (0) 13 (2) + + = 
B - 1-7 14 (0) 12 (3) + + + 
C 1-1 0 (0) 4 (0) - - 
D - 1-7 46 (0) il (e3) - - + 
7A + 1-1 0 (1) 9 (0) + + + 
B - 1-7 AS (1) 12 (0) + + + 
C - 1-7 30 (0) 10S) (0) +/- = . 
D + 1-1 1 (0) i) (0) - - - 
8A - 1-7 34 (24) 5 (0) ~ = 
B # 1-1 1 (0) Zt (0) = 2 
C 1-7 10 (0) 13 (0) + “3 + 
D 1-1 1 100) 8 °F s(O)ea ly = : : 
9A ~ 1-7 14 (0) 8 (iy) + + + 
B + 1-1 1 (0) 7 (0) +/- + 
G - far pm (GO) 9° * 00) - = 25 
D é 17 re rl Ty eho) : : i 
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TABLE 47: (continued) 


Segregating Prototrophs arising** Growth Segregating 


Strain... alleles at, on limiting at alleles at 
ROAlge ~ homss fisl. histidine, lysine 36°Ct eryl ade2 
11A - 1-7 34 (0) 9 (0) + + + 

B = 1-1 1 (0) 13 (0) + - 2 

C a 1-1 1 (0) 15 (0) + + = 

D - 1-7 ZY. (0) Af (0) - - a 
12A op 1-1 0 (0) 12 (0) - r - 

B 1-7 47 (0) 8 (0) + i + 

ie + 1-1 0 (iy 10 (0) + - - 

D - 1-7 20 (0) 13 (0) + - + 
13A a 1-1 3 (0) Eh (0) + + - 

B 1-7 16 (0) 22 (0) +/- - 

= 1-1 1 (0) fZ (0) + a 

D - 1-7 20 (0) 8 (0) +/- - 
14A + 1-1 Z (0) 7 (0) +/- = + 

B + 1-1 2 (0) 1s (0) ~ - - 

C ~ Le Toe la (0) 6 (0) + “ + 

D - 1-7 26 (0) 24. (0) + + - 


pee eS ee 

** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

* 'Jackpot' (In these cases unparenthesized numbers include 
pre-existing prototrophs.) 

+ All spores grew at 34 C. 
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TABLE 48: Phenotypes of spores recovered from cross no4zs (4) 


Segregating Prototrophs arising** Growth 


sirein.  -alleles at on limiting at Designated 
RO428- hom3 hisil histidine lysine 36°Cho mmuUbetor 
1A - 1-7 58 (8) 46 (2) - mut 7 
B - 1-1 0 (0) 10 (0) + + 
C ~ 1-7 19 (0) Et (7) + + 
D + 1-1 2 (0) Al (0) - mut 7 
2A - 1-7 St (4) 40 (0) - mut 7 
B + 1-1 ore (0) 43 (0) - mut? 
C + 1-1 1 (0) 8 (0) + + 
D ~ 1-7 12 (3) 9 (0) + + 
3A - 1-7 29 (13) 50 ey - mut 7 
B i. 1-1 Sr 2600 16 (0) + a 
C - 1-7 a5 (9) So (0) - mut7 
D 1-1 2 (0) d2 (Ce) “2 + 
*6A ~ 1-7 IS (0) ALS, Wy ‘ + 
B + Pelee 0 (0) 28 (0) - mut 7 
G - 1-7 47 (26) 66 (0) - mut 7 
D + 1-1 1 (0) ais (0) + " 
7A + 1-1 0 (0) if (0) + + 
B - 1-7 48 C74) 31 (0) - mut 7 
C - 1-7 Ls (2) 10 (0) + + 
D + ped. 2040) 66 = (0) : mut? 
15A + 1-1 z (0) 66 (0) - mut? 
B - 1-7 jd (43) 43 (0) - mut 7 
C * 1-1 0 (0) 14 (0) - s 
D - 1-7 15 (0) 14 (0) + + 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

tT The pattern shown here was identical to that observed at 
34°C. 

* Recombination between 7¥2§ cry/cry® resulted in the mut7 


strains 6B and 6C having a and % mating types while both being 
eryS, These strains have been used as mut7 'testers' and are 


further described in table 2. 
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homs “hisi=7 * , nvsi-7 a htsi1-1 Gansu 
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As noted in Table 33, heteroallelism at hts1 appeared 
to cause a five to ten-fold enhancement in Lassie scores. Since 
hts1-1 came to be present in MUT" , mut7, and mut8 backgrounds in 
the RO400 series of crosses (Table 2), the diploid configurations shown 
above could be tested extensively. Table 49 shows the results of 
the first analysis. In all cases lysi-1 was homozygous and its 
reversion may be used for comparison of the effects of the mut7 
or mut8 loci between strains. Previous unpub lished work (Quah) as 
well as that shown here indicates that the two mut alleles are 
recessive for mutator activity--they cause little enhancement of homo- 
zygous LZys1-1 or htsl1-7 reversion, even if both mutators are present 
in the heterozygous state in the same strain. 

Strains RO402 and RO409 reverted minimally on limiting 
histidine as expected of homozygous hisi-1 strains (Fogel et al., 
1978). The his1-7/htsi1-7 diploids RO405, 407 and 412 all had 
histidine Lassie scores of between fifteen and thirty revertants per 
plate... The heteroallelic hWis1 strains RO403, 408 and 410 showed 
the same high reversion on limiting histidine as was noted in 
Table 33. Strain RO411, the mut7 homozygote heteroallelic at hisi, 
showed a large increase in histidine prototrophs compared to 
RO403, 408 and 410. Strain RO406, heterozygous for mut? and mut8, 


and heteroallelic at hisi had an enhanced histidine Lassie 
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score, compared to the MUT™ strains. A mut8/mut8 diploid (bottom 
row) was included in the experiment to compare mut8—-mediated 
hits1-7/hts1-7 reversion. 

In order to test the effect of mut7 mut8 double mutant mutators 
on recombination at hisl, strains derived from cross RO88 (Tables 62 
and 65) were crossed appropriately and tested using the Lassie 
protocol. MUT" , mut? and mut8 homozygotes were also tested. Table 50 
shows the numbers of prototrophs observed on limiting histidine and 
lysine, as well as red lysine locus revertants, for MUT™ homozygotes. 
For mut7 homozygotes, the increased hts1 recombination noted in 
Table 49 was again observed (Table 51). Table 52 gives the Lassie 
scores of mut8 homozygotes. Recombination appears to be reduced 
in muté/muté, PEC eae crosses, if contributions from 
his1-7/nis1-7 revertants are deducted. However, if one notes that 


the heteroallelic strains have only one hisiI-7 allele, the apparent 


: Le : 
reduction is eliminated. For example, if the MUT homozygote median 


recombination score, 164, is added to one-half of the mut8 homozygotes' 


median hisl1-7/his1-7 reversion score, 86, the value of 250 attained 
is close to the median number of prototrophs, 230, observed for the 
hts1-7/his1-1, mut& homozygotes. 

The apparent "additivity" of recombination and mutation 
suggests that mut8-mediated mutation occurs independently of 
intragenic recombination. This could not be demonstrated conclusively 
because the necessary fts1-7 hisi-1 control was never isolated. 
Most histidine prototrophs were either ee ——— 


(Tables 55 and 56), rather than the classically predicted 
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hts1-7 htsi-1 a A sie : . 
pues, Ca oe This is in agreement with recent observations of 


mitotic, intragenic gene converston occurring in the Gl stage of the 
cell cycle (Esposito, 1978). Furthermore, the specificity for 
conversion of only the Mtsi-1 allele shown by a MUr™ homozygote 
(Table 57) casts doubt on the validity of the aforementioned 
algebraic method for estimating recombination at the hzsi1 locus. 

Table 53 summarizes the data from Lassie tests of three different 
mut7/mut? mut8/mut8, hts1-7/hisl1-1 diploids, plus controls. Again, the 
apparent loss of recombinants may be an artifact. The numbers observed 
fit the expected results if one-half of the homozygous 
mut7 mut8-mediated hts1-7/his1-7 median number of revertants are added 
to the median value obtained for mut7/mut7-mediated recombination. 
Note that nie1-1/hiel-1 revertant frequency is greatly enhanced over 
that seen for MUT™ homozygotes, as expected. 

From Table 54 it can be seen that the mut/ revertants 
Wut / Leh) Jand wut7-1—12, confer, normal, levelspot recombination, £0 
diploids bearing them. This is true both when the revertants were 
crossed with mut7-1, and in the homozygous revertant diploid 
(mut7-1-11/mut7-1-12). 

Histidine prototrophs which arose on limiting histidine were 
picked, retested on -his medium and sporulated, in the cases of 
ROS16 and ROS17 (Table 54). Three tetrads were picked from all 
sporulants (all isolates sporulated). All tetrads gave viable spores, 
although the mut7/mut7 strain had many tetrads with two dead spores 


(Table 56). 


“bats ‘to opt dQ ertt ith aairuare jn esse 
3 i tivibtoeye eit? . sromrtot rai’ | 
wsomibened * pu & Ad seo deta: hae bags 
saaatibedeiaial ‘ott sa) ‘eo bletee f | dural. 8 | 

, a o eva Che wer y asToantdabest gil a 2 aes : * | 
saseVhib auaWy Tovehead obyend aot aout on ed 2 of 
odd .tegA |: vetontnay eta ito Pate at ‘a “8 : 
elTR ERO as ea our oe TL ITH ne ond: amt esnaa tino 29% 16 te 
| _aidpeneiaod one to: Hikdeoa| tL: Rafe 7 

boise en ean Ade area Sa sda nsthea’s ca Haiote 4 
nein nad rae ay a tho avanhS aah 303 ‘bedterve: may 
icin eae Ob aad yisdety) 28 qonanper eireavet ee r | 
| \ agian) ra aati’ a 


oe 


-l 


- hirer, Sam ei ntl tr (it insta ade 

ad) polteridwoaes ‘te osevar {aesdn-¥shaoo % 
wae ninitiove’ ost, tation ved ort. a ae sali 
Hholqih: 108 mney Ce eatin — 
i - ry ea te 7 p [AN hy mele ™ wih fa ict ah a Bah itt 


Erie) 7° 
Cae in owib ised amistad me thers ; 


My 


| Ao noe ede ipa bed =f 
ee was bai am be 
salt tie oat shes | 


omy oge bead cit ‘ini bes03 | 
oie ae 
“ 4 it, nN yoo / : el i i na 


Lio 


The tetrads were then analysed to determine which ftsi allele 
had been converted to ATot Two spores from each set of tetrads 
which were not prototrophic for histidine were force-mated with 
hts1-7 or hisi-1 tester strains. The resulting diploids were 
tested for heteroallelism by UV-induction of hts1 prototrophs (see 
Savage, 1979, and Materials and Methods). Tables 55 and 56 
describe the phenotypes of each histidine prototroph, picked from the 
Lassie plates, before and after sporulation. Four cross-feeding 
prototrophs were also picked from the Lassie plates per diploid, 
ostensibly as true mutation controls. 

From Table 55 (columms 6 and 7) it can be seen that most 
spores from Mur" histidine prototrophs segregated 2 hom his : 

2 HOM" HIS" , which suggests that the itsl-1 allele was the one more 
frequently converted to BTS. This is supported by the data shown 
in columns 9 and 10 of the same Table, that shows which hts spores 
had (induced) intragenic recombination when force-mated to hts1-7 
or to htsl-1 tester strains. Those diploids which were homoallelic 
rarely produced revertant clones following UV treatment of isolates 
spotted to -his plates ("-"). Heteroallelic diploids showed many 
revertants per streak ("+"). 

Table 56 suggests that the mut7 homozygote produced a smaller pro- 
portion of hts1-1 > "+" convertants and more of the hts1-7 to HIS" than 
the MUT" strain. This may be seen more Clearly in Table 57. Relative 
numbers of hisi-1 and hisi1-7 convertants (first four rows) differed 
significantly between the mut7 and the MUT* homozygotes 


(x*= 3.97, P < 0.05; corrected for continuity). 
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The origin of the cross-feeding revertants observed has been 
attributed to second site mutations in the Ats1 gene by Fogel et al. 
(1978) and Lax and Fogel (1978). The cross-feeding prototroph #15 
in Table 56 is reportedly due to a auxotrophic allele which 
complements the original htsi-7 mutation. However, one novel 
non-feeding revertant segregated 2:2 for a his allele which complemented 
both Ats1-1 and his1-7 tester alleles for growth (Table 56, 
prototroph #11). 

The putatively frameshift nature of htsi1-1 may account for 
the specifity of hts1 conversion. The allele was crossed into all 
mut strains (section B) and may be considered the equivalent of the 
putative frameshift allele normally used to detect frameshift 
mutators in this laboratory, hom3-10 (note that only mut7 mut8 has 
been shown to confer greatly enhanced reversion of the hom3-10 
allele, of all the mutators tested (Quah, unpublished data)). 

How does mut7 affect meiotic, or mitotic intragenic 
recombination? The mut7 homozygote RO413 (Table 2) which was 
heterozygous at ade2 had 5/2793 red clones by direct plating, while 
the mut7 heterozygotes RO415 and RO416, also ade2-1/+ had no red 
segregants in a combined total of 5427 clones screened. It is unclear 
that mut7 causes an enhancement in homozygosis because of the 
small numbers of red clones observed. Moreover, it was possible 
that the ade2-1 allele may have been segregating meiotically; 
this possibility was not tested. 

Meiotic intragenic recombination at htsl appears to be 
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unaltered in the mut7/mut7 strain, RO430. 54/29200 HIS prototrophs 
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were observed in sporulated diploids plated to -his medium, compared 
with 78/43700 for a MUT” homozygote, RO434. 

It should be noted that the altered his1 conversion seen in 
mut7/mut7 strains was not corrected for the increased prototrophs 
observed in this strain. When this 3.8-fold increase in median 
Lassie score over the MUT™ homozygote is considered, the 
proportionate numbers of fzs1-7 and hisl-1 convertants for each 
strain change from Tee shown in Table 57 (first four rows) to 


the values seen below, 


hts1 Number of prototrophs/class in 
allele mut? MUT® 
converted homozygotes homozygotes 
1-1 a7 24 
1-7 30.4 Z 


While the numbers still differ significantly, it is now evident 
that the mut7 homozygote does not have reduced hisl-1 conversion 


relative to the control. Furthermore, the proportion of ftsl1-7 > 


ALS. prototrophs in mut? homozygotes (8/28) would give a frequency of 


0.29, or 79/270 hisl-7 > HIS* prototrophs per plate (Tables 51, 54 
and 74 give a value of v 270 for Hiss prototrophs in the mut7/mut7, 
heteroallelic hisl crosses). Seventy-nine htsl-7 prototrophs are 
considerably more than the numbers observed for mut/7-mediated 


his1-7/hits1-7 reversion (Tables 51 and 74). 
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TABLE 49: Phenotypes of diploid strains constructed to study 
temperature Sensitivities Observed in mut? haploids, and 
heteroallelism at hts1 (experiment #2) 

Prototrophs arising* 


Pertinant Growth at on limiting 

Diploid Parents genotype 36°C 34°C histidine lysine 
RO401 RO400-8A mut? hisi1-7 + * 12" (0) 
KF178-44D + a + + Be? 400) 
es + et eeO) 
RO402 RO400-8B mut7 hisi1-1 + + AE leas) 1st 060: 
KF179-+15A- + his1-1 + + Su) 14 (0) 
+ + 2 *@) 23) 1(0) 
RO403. RO400-8C + his1-7 + si + 165 (8) 51 (0) 
KF179-15A + + his1-1 + + 1947, 025) 0) MO C0) 
+ + 185 (8) ici | (OF) 
RO404 RO400-8D + his1-1 + + 14 (0) 
KF178-44D + + + Ss 815200) 
+ + 277 (0) 
RO405 RO400-8A mut? + hisi1-7 + * 19° (@) 297 (OF 
MV 731-208, + mute hired = + + 25,00) 12° {0} 
+ + Boi ule) TAT GOs 
RO406 RO400-8B mut? + hts1-7 + = + SO ates). F) 10; (08) 
XV731-3D. +: mut? + htsi-1 x + 348 (29) falas (OR 
be ne Sao, a2) 23. (0) 
RO407. -RO400-8C + # hisi-7 +: ames 22 (0) 23 (0) 
XV731-3D mut8 htsi-7 ares 28 (0) 24. (0) 
+ + 20.) (G09) LAE EY) 
RO408 RO400-8D + + hieled is + DAS W(asy) 9 (0) 
XV731-10A mut8 hisi-7 + Z + 199°) Gs) 15: (0) 
2 + 215: 2(6) P5a0( 1) 
RO409 RO400-8B mmut7 hisi-1 - + OP(O} Sy 06) 
RO400-8D + his1-1 - + 0 (0) Zoe O)) 
s + 0 (0) Be. 8 C08) 
RO410 RO400-8C + his1-7 + + + 2030 wi) Sa ew, 
RO400-8D + + hisi-i + + 180 (40) 160.0) 
+ + 20S no tl 5 (0) 
RO411 RO400-8A put? his1-7 + . az 520e 86155) aeo2 04) 
RO400-8B mut7 + hisi-1 2 = Sa e105) 4 C4) 
2 a SEES So). od tye) 
RO412 RO400-8A put? his1-7 te + Ja) 12°02) 
RO400-8C =} his1-7 2) ae Zils (ee) TOY (0) 
fe: LF: © (0) Ci Gly 
XV731-3D mut8 hisi-7 - + 261) SES ) ToL t2) 
XV731-10A mut8 hisi-7 - + 291 (48) i230) 
4 e 256) C560 ue ee 


* (See previous table) 
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TABLE. 50: Spontaneous appearance of histidine or lysine prototrophs 
in mur /MUT diploid strains derived from cross R088 


Prototrophs arising** Red 
hisi on limiting lysine 
Diploid Parents genotype histidine lysine revertants 
RO441 RO88-4C + j-1 185.) (5) TOF C0) 1 
RO88-4D 1-7 + 169° (3) TO, (0) 1 
164 (6) 10 (0) 1 
£20.65) Ea07 Gl) 1 
RO446 = RO88-14B + 1-1 Po CE) HK 2) 1 
RO88-14A 7-7 + iv oW ine eo) 1S)" GOp 2 
165, (20) 14 (0) 2 
RO447 RO88-2D 1-7 + 156 1028) 2A CD) 2 
RO88-9D + £1-1 PON CPZ) 22, (0) 1 
FOL) 58) 2a S00!) 1 
129 (68) 24, 2(0) Z 
RO442 RO88-5B + £7-1 @ (03 18 (0) Ds 
RO88-9D + 1-1 S49 (0) TS.) 6G) 2 
0. (0) 9 (0) if 
Oy. CC) 17. FCO) 1 
RO443 RO88-4C + 1-1 <TD) ES» C0) 2 
RO88-9D + 1-1 OO) Te> (0) 0) 
Cedi 14 (0) 1 
= en en) To, (0) 2 
RO444 RO88-2D 1-7 + Za.) eh) 1S (4) 1 
RO88-4D 1-7 + Zonta) 1S ROE 1 
2. Zils (0; 2 
RO445 RO88=2D “1-7 ° + 44 (0) sas nO) 
RO88-8D 1-7 + A2e (1) ia, e008) 
45 ott 14° (0) 


ee ee ee 


** Numbers were averaged from three lassie plates. Prototrophs 
existing prior to growth on limiting medium are in parentheses. 
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TABLE 51: Spontaneous appearance of histidine or lysine prototrophs 
in mut7/mut7 diploids derived from cross R088 


Prototrophs arising** Red 
hts1 on limiting lysine 
Diploid Parents genotype histidine lysine revertants 
RO448 RO88-1D 1-7 + 334 (42) Oe, 00 12 
RO88-1B + 1-1 231 “hC5o)) 50° 7) 16 
229 1(42) 26° -)(1)) dol 
278 (34) 26° (Gb8) We. 
ZOO G7) 20° » $d) 9 
278) (28) 28" (0) 10 
229° (19) 27. 440) 11 
2Ad (27) 26°. GO) 13 
RO449¢+ RO88-7C 1-7 + 226 ROLS) 251 566)) 8 
RO88-8B + 1-1] 
RO453 RO428-6C 1-7 + 270, 4(42) Sve. (0)) 16 
RO88-7C + 1-1 308 (81) AQT) TE0) 15 
RO452 RO88-8B + 1-1 ele er) AOC 2) 1 
RO88-1B + I-1 la 09 49 (0) 1S 
<b (0) ah (0) 1 
<i (Os) Se (0) 15 
RO450 RO88-1D 1-7 + 54. (0) 297 (1) fe 
RO88-7C J-7 + 45° 1@0) 25 40) 11 
43 (0) 35. C29 10 
AQ AZ) RS i660) * 14 


ee ee a 


** Numbers were averaged from three lassie plates. Prototrophs 
existing prior to growth on limiting medium are in parentheses. 
* tjJackpot' (In these cases unparenthesized numbers include pre- 
existing prototrophs.) 
+ Numbers were averaged from two plates. 
+t Slow growing diploid strain; one isolate was counted after 14 
days to ensure that mut7/mut7 phenotypic levels of recombination 
occured. 
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TABLE 52: Spontaneous appearance of histidine or lysine prototrophs 
in mut8/mut8 diploids derived from cross R088 


Prototrophs arising** Red 
htsi on limiting lysine 
Diploid Parents genotype histidine . lysine revertants 
RO454 RO88-1A + 1-1 209° (E49) Za CO) 5 
RO88-1C 1-7 + 196 (10) Lge (OD 6 
pS Catia C9 26>r (On) 5 
214" (C06) 248 CLS) 3 
248 (6) 29 5560) 5 
RO455 RO88-2A 1-7 + Z0EF) C693 29 (0) 4 
RO88-7A + 1-1 240 (46) 267 (0) 1 
253> ~(22) S20 (ON) 3 
250 (40) 200) i) 
264 (27) Zi CO) 4 
RO457 RO88-2A 1-7 + PAN OR eee PAE ney 
ROSS-1C de? + LT, Aa 20.8" (0) 
PS «O02! PilemCO)) 
lod. 1 (9'3) 252" (0) 
RO458 RO88-2A J-7 + 190 (120) 27 G0) Z 
RO88-6A 1-7 + 144 (155) 50 4) 60") 3 
177 (58) Zam 6%) 1 
Lowy CESS) P20 ipotek 3 Z 
RO459 RO88-1A + 1-1 On a) Sule wale Zein 5 
RO88-7A + 1-1 4 (0) Zoe he 4 
Sa U0) oA 0) 3 
Grr C0") 2a C0) 4 


oe” SUMS RS ee 


** Numbers were averaged from three lassie plates. Prototrophs 
existing prior to growth on limiting medium are 1n parentheses. 

* 'Jackpot! (In these cases numbers not in parentheses include pre- 
existing prototrophs. ) 
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TABLE 53: Spontaneous appearance of histidine or lysine prototrophs 
in mut7, mut8/mut7, mut8 diploids derived from cross R088 


Prototrophs arising** Red 
hisi on limiting lysine 
Diploid Parents genotype histidine lysine revertants 
RO461 RO88-4B 1-7 + 804% uC E24) 80 (0) 43 
ROSSA OF for 807 (140) 86 (0) 46 
639 (182) (aes 45 
820. (161) OL (2) 48 


Rojo “ROSseac™ Ft+. 7-7 279" (5575 99 (6) 
RO88-10D 7-7 + 664 (142) 68 (5) 

834 (201) 78 $(202) 
7aAswi(i 21) ee toler) 


RO463 RO88-6B oS Py 834 (180) 69. (2) 49 
ROSS49G. 127 + 923 (96) 5A (0) 28 
798 (255) Gone) AS 
S65, 10244) 62 (0) A4 
RO464 RPGSse4R 727 4 958 (182) SS unc) 
RO88-10D 1-7 + O70 (191) 6 le, aCe 
976 (93) SP ACs) 
RO466 RO88-6B + Ped S50) 7 or On 50 
RO88-4A ey Rew Sen) 84 (0) 49 
25m (5) Sh tents) 48 
RO467 RO88-8C - We¥ Bee (0) i gala) 7 
RO88-2B Pa] 


Pies RM ee cee ee a 


** Numbers were averaged from three lassie plates. Prototrophs 
existing prior to growth on limiting medium are in parentheses. 
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Bs Complementation, Allelism and Tetrad Analyses of Mutators Crossed 
to mut7 or muté& Strains 

ES Control Crosses of mut7, mut& and other single mutator strains 

In order to test mut7 and mut8 for complementation and for 
segregation with respect to other mutator loci, it was necessary to 
determine: 

(1) that other temperature sensitive mutations were not present, 

(2) that only one mutator locus was segregating, 

(3) that hts1-7 and lys1-1 were the only histidine and lysine 

requirements present, and 

é4)etheachatacteristic histidine and lysine Lassie scores for 

haploids and homozygous diploids of single mutator mutants 
inrthe nignioke to be tested. (Tetrad analyses of crosses of 
mutl/+ through rad52/+ may be found in the appendix). 

These criteria were also applied to the mut7 and mut8 tester 
strains employed. The genetics which produced the mut/7 tester strain 
RO428-6B were described in section 3. A suitable mut8 strain was con- 
structed in a manner similar to that employed for other mutator 
stocks (see Tables 3, 5, and Appendix, Table Al). 

The following diagram summarizes crosses of mut7 to mut8 and of 


these loci to a given mutator locus, muti in this case. 
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mut MUT” 
— RO61 — 
XV800-6C | XV185-6A 
+ 
mut 1 MUT muté8 
— RO71 ————— ———— R078 — 
RO61-3C | RO400-10C | XV731=3D 
mutl mut? mut8 
— RO81 — — RO88 — 
RO71-7C | R0428-6B | RO78-3D 
muti mut8 
—RO101 — 
RO81-2C RO88-1C 


Segregating mut7 or mut& spore clones provided internal controls 
in tetratype tetrads segregating for double mutator mutants from 
mut?/+, +/mutl or mut8/+, +/mutl heterozygotes. In addition, tetrad 
analyses of crosses involving the mut7 tester strain R0428-6B and 
RO88-1C have been included here for reference (Tables 58, 59, 60 and 
61). A summary of Lassie scores from RO88 spore clones was presented 
in Table 9. Numbers of red lysine (locus) lassie revertants found in 
RO88, RO1O8 and R0428 spores are shown in Table 61. 

Heterozygous mutator diploids of the R061 and RO71 type shown in 
the above diagram were tested for mutator activity (Tables 62 and 63). 
Only mut6/+ strains appeared to have enhanced (Zysi1-1) reversion. (Strains 
bearing mut6, mut6/+ or mut6/muté tended to become petite; petite 
derivatives of these strains had reduced mutator activity; see also 
Appendix, Table Al). Hence, care was takenito select for 07 muté 
strains, often by pregrowth on YG medium, prior to Lassie tests 


involving such strains. 
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TABLE 58: Phenotypes of spores recovered from cross R088 =e 
Segregating Prototrophs arising** Growth 
Strainn allelessat on limiting at Designated 
RO88- homi  htsi histidine lysine 3560G mutator (s) 
1A + 1-1 Zuo) TOs) + + muté 
B “ 1-1 Zu aG0)) 29) *€2) - mut? + 
C - 1-7 199* (58) 222 Cy + + muté& 
D = 1-7 DO (a: 44 (0) - mut? + 
2A - 1-7 2108 (86) 13309 + + mut 
B - 1-1 AS 4 C03) B54 eh) - mut? muté 
C - 1-1 Oe (0) 24 (0) - mut7 + 
D - 1-7 Toe eC Oe) tr (0) = & + 
3A + 1-7 TL GS) 14 1 (03 + + + 
B - 1-7 437 (938) 131, 14) ~ mut? muté 
C + 1-1 HOD. C25) 26598 G0)) 2 + muté 
D - 1-1 Lo ACO Sir PO) - eel. Nee 
4A = 1-1 47. (0) BS: E74) - mut? muté 
B - 1-7 807 (376) rape ad (25) - mut? mut 
C + 1-1 Le Op pay Ae) + - of 
D - 1-7. 14 0) 6?» (0) + + + 
SA - 1-7 559° (205) 92) ia) ~ mut? muté 
B aut (Tie 0 (0) 11 (0) + te 
C ~ 1-1 29ge C0) 80. , (2) ~ mut? muté 
D - 1-7 62 (165) 54°F (Q) + + muté 
6A - 1-7 78°°(245) 24D) + + muté 
B + 1-1 B06) 109 (0) ~ mut? muté 
C + 1-1 0 .(0) 48 (0) - MUC? ik 
D - 1-7 25.605) 1550) = + + 
7A - 1-1 aie 8) 50) a3(G)) + muté8 
B + 1-7 650) (253) LAD 900) - mut? muté 
G - 1-7 2h (3) 50) (0) - mut? + 
8A ~ 1-7 218) =(635)) 20M GL) ~ + muté 
B + 1-1 Om sG01) DIT 0) - muCi + 
G + 1-1 stab 5 (83) 1230 861) - mut? muté 
D - 1-7 Z0™ on 100/-(0) 5 + + 
9A - 1-7 F2 C160) DONO) + + muté 
B + 1-1 2 (0) 22 40) - Much, + 
G 1-7 797 (241) Me CO - mut? muté 
D 1-1 Lacon coe CO!) + ee a 
10A ~ 1-7 7 1) 105760) + + + 
B * 1-1 Ls 50) 2am) (3) - wUc? + 
C 2 1-1 8 (0) 257 (0) + + muté 
D - 1-7 11631372} oo. CL) - mut? muté 
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TABLE 58: (continued) 


Segregating Prototrophs arising** Growth 
Straimd aldeles: at on limiting at Designated 
RO88- hom hisi histidine lysine 5016 mutator (s) 
11A + 1-1? + 
B - 1-7 + 
C - 1-7 TCS: ) A2-* (0) - mut/ 
12A 1-7 Sy 2 aeo.o:) 105 2c) - mut? muté 
B + 1-1 1 pat0)) 40 (0) - OE hs 
13A + 1-1 2 FCO) SZ wo) + + muté 
B - 1-7 5 wanes) 64 (0) - Mune? 0) Fr 
‘ - 1-7 26 F0o) Magn) - MUG + 
14A - 1-7 7 es) 7 eeO) + + a 
B + 1-1 1-430) 425 ee0!) # + + 
C 1-1 Zl ge)) BS) a0) - mut? muté 
15A ~ 1-7 79 110253) 65 (0) - mut? muté 
B - 1-7 141 (G19 1) D5) + + muté 
C + 1-1 1 +0 (0) 9 (0) + 2 + 


eee ee ae ee eee 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

* ‘Jackpot’ (In these cases unparenthesized numbers include 
pre-existing prototrophs 
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TABLE 59: Phenotypes of spores recovered from cross no107 22) 


Segregating Prototrophs arising** 


Strain ‘alleles. at on limiting Designated 
RO107-. homéd hktel histidine lysine mutator 
1A - 1-7 ah. LS) EES) ie 
B + 1-1 eS) 16. 8 
C + 1-1 ae tO)) 16, (0) 8 
2A + 1-1 ve - 60) 22. (0) 3 
B - 1-7 149 (106) TS dei 8 
@ + 1-1 0 (0) to ey e 
D - 1-7 Te 23 fo. (G3 + 
3A + 1-1 4 (0) 25 Al) 8 
B - 1-7 i Od TO. (Gy + 
C - 1-7 16S 31) fet (CG) 8 
D + jean Oreo fo. (0) # 
4A - 1-7 TAS. G39) 225 (0) 8 
B 1-7 12) ee TO 160) + 
fe - 1-1 0) to td . (0) + 
D + 1-1 yaa 0) 2h 2) 8 
SA - 1-7. 165: (41) 20%, (0) 8 
B + t- Co 0G) TZ" (0) @ 
C + rot Ch tO) 12 | (0) Fi 
D - 1-7 184 (118) SUF TCO} 8 
6A + 1-1 QO 60) tS (0) + 
B - 1-7 173 C45) 16.1) (0) 8 
( ~ 1-1 ER Tesh GOs) + 
D - 1-7 TS Spt) Demtl5)) = 8 
7A + 1-1 0" GO) LO 260) + 
B 1-7 Loo nee) Or (0) + 
G ot 4 (0) Toe (0) 6 
D - 1-7 139 ‘(174) 19° (0) 8 
8A + 1-1 0. ¢0) Be 760} + 
B 13 (8) > 19) CO) 
C _ ig fa’ (1) 15. (0) + 
D - 1-7 147 666) Zt 00) 8 
9A + fat 5 Gan Tass OD 8 
B - tf S(O) 15: =(13 8 
C : ey 14 (0) 2) + 
D - 1-7 ES) Pao) Bie 40s) + 
10A : fez 162 a) 7 aon + 
B + 1-1 G -€0) OoaeCO) + 
iG - 1-7 184 (97) 255 100) 8 
D - 1-1 Se) ZOD 8 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. * 'Jackpot'(In these cases unparen- 
thesized numbers include pre-existing prototrophs. 
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TABLE 60: Phenotypes of Spores recovered from cross RO108 Ce) 
Segregating Prototrophs arising** 
Strain alleles at on limiting Designated 
RO108- homs htsi histidine lysine mutator 
1A + ita Sea ubO)) 19 (0) All are mut8-1 
B 1-1 Ze (Oi) 19 01) 
C - 1-7 Pra (1S5)} 20 7 £0) 
D - 1-7 178-243) 21y UGG} 
2A + al 4 (0) 20860) 
B 1-7 £70. (61) 17 260) 
C + 5 Sul) 29 G2) 
D - 1-7 lea | (43) TZ, 60) 
3A + j+I ead) 19" 1.609 
B - 1-7 162 | (107) 167 60) 
C 1-1 34 60) 1eS'S 0 (EE) 
D - 1-7 1675628) 227 (OU 
4A + Ped Zoe) TD G23 
B 1-7 159 (57) 20) 460) 
e 11 Ay ACO) 140) 
D - 1-7 Ley 09) 27 On 
SA + AG Bae eo) 253% (0) 
B - 1-7 ZO 628) 14, 1-65) 
C 1-7 197 (45) 12 a) 
D + =k oO) a I(0;) 24. (0) 
6A - 1=7 E75 (12) 26. (0) 
B 137 Pa Peas) 2548 CO) 
6G ti 7. 10) 25 SO) 
D ie 6 400) 24 (0) 
7A e Pa S200) 62 GO) 
B - 1-7 144 (30) ARG ACOD 
G 1-7 174 (78) 13560) 
D + tot D0) TS y2000)) 
8A + 2 7 (0) 20 (0) 
B = 1-7 168 (14) 21 in (0)) 
C + tet Be (0) pir VCO 
D - 1-7 1362) 165)) 21 ve C0) 
9A - 1-7 135) Ges0)) Lean (0) 
B a pet Z. XE0) Lise ai) 
€ - 1-7 a1 DY 2) 23 so (ols) 
D + ped ye (RO) 210% 3COH) 
10A - 1-7 162) (47>) 2A o) 
B - 1-7 160 (60) 25 mh) 
C + Ta S- 440) 18, (0) 
D er Gye) SO ames) 


a ae 
** Numbers of protctrophs existing prior to growth on limiting 
medium are parenthesiZed. 
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TABLE 61: Presumptive lysl1-1 locus (red) revertants arising on 
limiting lysine in haploid strains bearing mut/7 
and/or mut8 


Strain Designated Red Strain Designated Red 
RO428- mutator Revertants RO88- mutator Revertants 
1A mut7 15 1A + muté 5 
B + 0 B mut?l + 20 
& + 0 2B mut? mut8 56 
D mut7 18 G mut 7 + 9 
2A mut? is SG + mut8 5 
B mut7 10 D mut 7 + 7 
C $ 0 4A mut7? muté 87 
D + 0 5¢ mut? mutés Si 
3A mut? 19 D + muté 5 
B + 0 6A + mut 5 
Cc mut7 22 8B mut? + 7 
D oa 0 9C mut7 mutés 24 
6A + 0 D + + 1 
B mut? 9 10A + + | 
C mut7 SL G + mut 4 
D + 0 13B mut7 + pal 
7A “ a) 14B + + 1 
B mut7 fi 15B + muté 6 
© + 1 
D mut7 20 RO 
15A mut? Z2 1A muté 4 
B mut7 19 C " 4 
C + 2 2A ‘4 5 
D + 0 D y 5 
3A u 4 
D if 4 
4B Me 5 
D a 3 
SA aw 7 
C u S 
6C id 9 
D Me 4 
7A iW ih 
B Hf 2 
8B e Z 
C wr 4 
OA " it 
Cc " @ 
10B 4 5 
C if 6 
D ig 7 
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i: Complementation Tests 
Table 64 summarizes complementation tests of mut7 with other 

mutator loci. Crosses R0430-R0436 (Table 65) were tested simultan- 
eously to provide comparable mut7/mut7, mut7/+ and MUT" /MUT™ Lassie 
scores. The diploids all complemented for temperature sensitivity 
and for Lassie scores, with the exception of the mut7/+, +/muto 
heterozygote R085, which appeared to have reduced numbers of HIS” 
recombinants (all other scores overlapped those of the MUT" /MUT™ controls: 
lys1-1 was used to assay for mutator activity, while hts1 recombination 


was assayed on limiting histidine. 


Part of the complementation testing results for mut8/+, +/mut 
heterozygotes are presented in Table 66. While numbers of histidine 
prototrophs are enhanced, in some cases, over the results shown in 
Tables 64 and 65, this effect may be due either to heterozygosity for 
mut8 (RO107, or see Table 75) or to fluctuations in Lassie scores 
between experiments. Again, the mutd heterozygote seems to have 
reduced histidine Lassie scores. The diploids had low levels of 
Zys1-1 reversion. However, it was impossible to ascertain whether 
any mutator complemented mut& for this phenotype because mut 8/mut8 
mediated lysine Lassie scores are characteristically low. 

Table 67 describes complementation tests for radé1, rad52, muté 
and mut9 with mut7, and for mut6, mut9 and radd2 with muté All 
strains grew at 36°C, were not y-radiation sensitive, and had low 
levels of lysine reversion. The vad51 and rad52 heterozygotes had 
reduced spontaneous histidine prototrophy, but the presence of jackpots 
in the mut7/+, +/rad52 strain prevented this conclusion from being 


drawn in the case of R094. 
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Tabi és: 68) to «77 «describe portions of one experiment designed to 
examine recombination more extensively in mutator strains, to complete 
complementation testing of mut8 with other mutators and to provide 
an index of Lassie scores in mutator diploids. These results are 
summarized in Table 78. 

Homozygous htsi-1 strains were not tested, because it was assumed 
that reversion at this locus would be minimal and hence would not 
contribute to Lassie scores in htsl heteroallelic strains other than 
those homozygous for mut8& (but see Table 53 for hts1-1 conversion). 

Only mutS and mut7 appear to confer altered recombination as 
detected by Lassie tests. mutd/mutd and mutd/+ diploids produced the 
lowest median Lassie scores of the htsi1 heteroallelic strains. 
Interestingly enough, the mut9 homozygotes appeared to be enhanced 
for recombination. Unfortunately, no homozygous hts1-7, mut9 strains 
were available that were not contaminated bya second muté allele. 

This allele was first detected segregating in spore clones from cross 
RO89. Table 76 shows that the enhancement of mutation in crosses 

of mut8-2 to mut8-1 appears to occur without the presence of mutd. 
Table 79 confirms that the mut8-2 allele does not complement with 
mut8-1, and that mut8-2 appears to be the dominant allele as shown 

by the reduced hts1-7 reversion frequencies. This discovery explained 
the segregation of a mutator activity for htsi-7 from y-radiation 
sensitive, mut9 spore clones (Appendix, Table Al). 

mut" /MUT™ diploids were found to be consistent for his1 recombina- 
tion, even if the contributing strains were not closely related 


(Table 77). The slight reductions seen in R0468 and RO0469 may have 
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been due to the failure of these strains to express crossfeeder revert- 
ants on Jimiting- histidine, (this result, was.unexpecteds: ‘Further 
collection of data concerning the: expression of feeders in diploids 

on Lassie tests is summarized in the following chart. Note that all 
haploids shown below expressed crossfeeders when tested (only two 


of the haploid strains studied, Tla and Tla (donated by L. Savage), 


have failed to do so). ‘''+'' indicates that feeders were observed. 
ag EY See a a | 
sirains RO400-10C RO122-1C GZ VS =hA 
hts1-7 hts1-7 hts1-1 
RO1OS-1A hts1-7 + 2 ~ 
RO122-2C hts1-7 s * . 
LZ13-2C htsi1-1 - - ? 


KF179-15A htsi-1 
RO428-6B'11l hts1-1 
RO105-2B hts1-1 


+ + + 1 
| 
b 


Absence of feeders in homozygous htsil-1 crosses may be due to the 
small numbers of prototrophs screened. A question mark is beside 
both of the cases listed. Otherwise, it would seem that certain 
diploids are complementing for a non-feeder phenotype. It would be 
interesting to know whether or not this trait is a function of repair. 
Two other observations from this experiment should be noted 
here. Strains heterozygous for mut5 appear to be dominant for MMS 
sensitivity. All mut6 heterozygotes were recessive for hisi1-7 
reversion even when also heterozygous for mut& (approximately one- 
half of the mut6/mt6 and mut6/+ zygotes formed petite colonies; these 


were discarded). 
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TABLE 62: Phenotypes of diploids heterozygous for muti--mut9, 
compared to homozygous mut7/mut7 or mut&/mut8 strains 


Prototrophs arising on limiting 


Diploid Parents Pertinent Genotype histidine** lysine** 

RO60 RO1-90A mut? hts1-7 17 2) 34 (0) 
XV732-2B mut? htsi-7 23 (4) 22 (0) 

13 (4) 33 (0) 

RO47 XV731-3D mut8 hts1-7 144 (11) 21 (0) 
XV731=-10A mut& hisi1-7 167 (12) 8 (1) 
134 (13) 25 (48) 

ROS8 RO1-90A mut? + hisi-7 7 (0) 12 (0) 
XV731-3D + muté hisi-7 12 ae 9 (0) 

BL (0) 15 (1) 

RO71 ROS1-4D mut? mut8 hts1-7 27 18 (0) 
XV185-6A + + his1-7 8 9 (0) 

RO61 XV800-6C mutl hits1-7 19 (0) 64 (1) 
XV185-6A + hisi-7 21 (0) 

21 (1) 66 (0) 

RO62 XV354-2C mut2 hisi-7 4 (0) 25 (0) 
KVISS=6N 24> Rist=7 8 (1) 19 (0) 

RO63 = =XV195-24C mut3 hisl-7 5 (0) 16 (0) 
MVTS5-6R0 «=-+ © hisl-7 4 (1) 5 (0) 

5 (1) 10 @L) 

RO64 = XV357-12D muit4 + hiss 39 (0) 
XV185-6A + hts1-7 + 41 (0) 

RO65 XV407-19D muté + hisd 2G (1) 
XV185-6A + -hts1-7 + 22 (0) 

22 (0) 

ite (0) 

RO66 XV374-28C muté6 htsi-7 5 (1) 2 (0) 
XV185-6A + htsi-7 8 (0) 55 (0) 

4 (0) 26 (0) 

RO67 XV731-2B mut7 hts1-7 12 (0) 5 (0) 
XV185-6A + hitsi1-7 We (0) 9 (0) 

i (0) 21 (0) 

RO68 XV731-3D mut8 hts1-7 13 (0) 19 (0) 
XV185-6A = + ~— his1-7 14 (1) 16 (0) 

7 (2) 10 (0) 

RO69 XV396-1A mut9 hisi1-7 14 (0) 14 (0) 
XV185-6A + hisi1-7 12 (0) 10 (0) 

14 (1) 11 (1) 


** Numbers of prototrophs existing prior to growth on limiting medium 
are parenthesized. Strains were incubated on limiting medium for 
eight days. 
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TABLE 63: Phenotypes of diploids heterozygous for mutl--mut9, 
excepting mut7, crossed to RO400-10C 


Pertanent Prototrophs arising** on limiting 
Diploid Parents Genotype histidine lysine 

RO71 RO61-3C mutl hts1-7 et (1) 9 (5) 
RO400-10C + hisl1-7 Beet WeileSi) Zouk) 

16 (15) 35 (0) 

RO72 RO62-2A = mut2 hs 14 (0) Dab (6) 
RO400-10C + Ze (0) 25 (0) 

8 (0) 22 (0) 
RO73 ROQ63-5C muts 4 (a8 ES q?1) 
RO400-10C + 9 (1) a Bes (0) 

RO74 RO64-3D mut4 ” 9 (0) 25 (0) 
RO400-10C + 12 (0) Sal (0) 

16, Ca 12" 03) 

RO75 RO65-S5A mutes fs 15 C7) 28 (0) 
RO400-10C + 39 (3) 7 (0) 

RO76 RO66-6B muté , 13 (1) 64 (es) 
RO400-10C + 10 (ly) 61 (7) 

; 20 (0) 30 (4) 

RO78 XV731-3D muté Ae 25 (0) ae 10 (0) 
RO400-10C + 30 eb) Ai} (i) 

20 (4) 19 (1) 

RO79 RO69-2D mut9 “é 24 (Ger) 8 (0) 
RO40 -10C aa 19 (0) is (5S) 


ee. ee ee eae ae ee eee 
** Numbers of prototrophs existing prior to growth on limiting medium 
are parenthesized. Strains were incubated for six days after 
pre-growing zygotes on YG medium. 
* tJackpott (In these cases unparenthesized numbers include pre- 
existing prototrophs. ) 
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TABLE 64: Phenotypes of diploids heterozygous for mut7 and one 
other mut locus, and heteroallelic at hisi 


quaee + + + hieiei, 
+ mut homs-10 hts1-7 + 
Growth Prototrophs arising** Red 
Diploid mut at on limiting lysane 
strain .Parents® genotype 36°C histidine lysine revertants 
RO81 ROMa 76 . arent + 90) (12) ZU: VES) 0 
RO428-6B mut7 + + 907 (0) 20) C09 0 
+ LOGy. “OrS) Dag 18 0))) 0 
+ SOM 25) 26, \(Clp 3 
RO82 RO72-1C + mut2 + TO. 25) ites M(B ly i! 
RO428-6B mut7 + + 80. (124 je (8) 1 
+ 62 (19) DS co) 0 
+ O58 WES) 15. (0) 0 
RO83 RO73-5D. . + mutts - 29a M27) LL, OD Z 
RO428-6B mut7 + ~ 2VSBReZL0)ie.. ats EO) 0 
+ SIC Soa an Soy 0 
ne 10L 785) Oo (0) 0 
RO84 RO74-3A _+ mut4 + SO CGn Saree) 0 
RO428-6B mut7 + + 57 er o0) TS 40) 0 
cH 634 C15) S50. 0ns 1 
+ 49, 1(35) L5: &(G) 0 
RO85 RO75-4B + muto + SSeS) a GES) i 
RO428-6B mut7 + + 4b (9) T4 (0) 0 
+ 594 2(9)) TO: $C) 0 
RO86 RO76-6D ftamuté .,+/- 106 (47) 183 (149) * I 
RO428-6B mut/ + +/- 13. €19)) £2). €Q) Ce 
RO88 RO78-3D + muté + 845 ).(39) jas 0 
RO428-6B mut7/ + + 90. -(49) 10:0) 1 
= 89 (40) SO) 1 
+ i SC) Tes ( a) 0 
RO89 RO79-8A + mut9 + SO e271) dle9 [CON 1 
RO428-6B mut7 + ~ 92 (91) T2nKCO) Z 
+ 103), (548) pe ey) 1 
+ #5281105) 1626(03 1 


ariel i es Fo a De i a st Oa iE eS aa ee ERS 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. All numbers are the average of two 
determinations. 

* 'Jackpot! (In these cases unparenthesized numbers include pre- 
existing prototrophs. ) 

+ This strain failed to grow when replica-plated to YG medium. 

For mut7/mut7 and mutt/mut? controls, see Table 69. 
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TABLE 65: Phenotypes of diploids constructed for Studying 
heteroallelism at his1 in mut7/mut7 and mutt /mutt 


strains (experiment #5) Prototrophs arising** Red 


Pertinant on limiting lysine 
Diploid Parents genotypet histidine lysine revertants 
RO430 RO428-6C mut? hts1-7 + 193 (207) 59% (2) 17 
RO428-6B mut? + hisi-1 187 (198) AS 5 (1) 19 
TLO (09 S)2 got (0) 16 
DSO. ero) A eel!) 15 
230) (140) 2 ES) Ly 
RO431 RO4Z28-CB wutr, hrvelq=l 100) AOQY 2614) 20 
RO428-7D mut? htsi1-1 T} @G3) 46 (0) 15 
Oo GOD AS Santee.) 18 
Nees 55 NCL) 20 
RO432 RO428-6C mut? hts1-7 17) (uly) Sean (G) 19 
ROAZS21A  mie7-whtel—7 20) (5) 64 te) 14 
Dou el) AT weal) De 
5) (6) AA 021") 21 
RO433 RO428-7D mut? hts1-7 + 242. “CET 5S») 50, 23) 18 
RO428-3C mut7 + hisi-1 187 €173) Seed) 14 
227 ACTS) AWA CS) 14 
RO434 RO428-1C mut? hts1-7 + 108 (71) Gia Wo 4) 2 
RO428-1B mut? + hisi1-1 Pra G33) 150m © (6156 )* 0 
37 0r Same i) 0 
oF (26) 14) (0) 0 
RO435 RO428-1B mut? + htsi-1 79 (28) oy £0) ih 
RO428-2D mut? his1-7 + S72) 9 (0) il 
EN OATES 1A EO) 1 
RO436  RO428-15D mut? his1-7 Sis ie (OD 
RO428-1C mut? hts1-7 Sati 197 CO) 
me) PA Gl) 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

* 'tJackpott (In these cases pre-existing prototrophs are included 
in the unparenthesized numbers. ) :. 

+ mut?/mut? strains are first tested for failure to grow at 56 cr 
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TABLE 66: Phenotypes of diploids heterozygous for mut8 and One Other 
mut locus, and heteroallelic at his 


mute + hom3-10 hisi-7. Jot 


( + mut + + hiel-1 
Prototrophs arising** Red 
mut on limiting lysine 
Diploid Parents genotype histidine lysine revertants 
RO108 RO88-1A mut8 190 (27) 16 (@) 4 
RO88-1C muté 189 (14) Le) 09 KS 
245° (10) 25. * (By) 5 
RO107 RO88-4C + 126 7) 1S). (0) 
RO88-1C muté 140 (8) Sire shy) 
121-03 ES \ C0) 
RO101 RO81-2C + muti 176 (47) 52) C0") 
RO88-1C mut& + 120: (70) 26° (0) 
RO102 RO82-6D + mut2 156 (10) 1S 1. (0) if 
ROS8-1C ues » + 178 (8) bor £00 1 
143 (28) Ne eo) il 
RO103 RO83-6C + muts 107 (24) 22, /( 0} 2 
RO88-1C mt& + 120. (29) Lies (0s) 1 
RO104 RO84-4C + mut4 160 (6) 14 at) 
RO88-1C mut& + 165° (22) £2 40) 
TSS" 109) 20% (0) 
RO105 RO85-17A + muto 9S (29) 17 4, (0) 2 
RO88-1C mt& + 91 (4) 14 (0) 2 
RO106 RO86-21C + muté 1352, (13) 27 (0) 1 
RO88=IC mt& + 199 (35) oF (0) 1 
164 (43) 50. (0) 2 
RO109 RO89-2D + mut9 197 (25) LOO) 0 
RO88-1C mut8 + Wa (20) 27) (0) 2 
160 (18) 20 1.09 0) 


SO ee Se a ne eae ae > ENTS, SE 


** Numbers were averaged from two 'lassie' plates. Prototrophs 
existing prior to growth on limiting medium are parenthesized. 
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TABLE 67: Phenotypes of diploids heterozygous for mut7 or muté 
and one other mut locus, and heteroallelic at htsi 


Prototrophs arising** Red 


mut his1 on limiting lysine 
Diploid Parents loci genotype histidine lysine revertants 
RO99 RO400-10C + hts1-7 + Sone) at. €0) 0 


RO428-6B mut? + hisi-1 TOS MCLONG cael (0) 
103 (5) 17 (0) 


1 
1 
RO100  RO88-2D + hisl-7 + 160 (54) /19 4) (0) 1 
RO428-6B mut? + hisi-1 145°"(67)) «20 (0) 1 
116/57), 22 (1) i 


ROQ3 RO91-1C + 51 hisi-7 + oui. «law 0) 
RO428-68. 2% + Finicsi-1 99 (4) 10 (0) 
85 (4) 19 (0) 
RO94 RO92-6B + 52 hisi-7 + 265 (260) * low (1) i 
ROACR=G Ree te er iniela! 197 (154)* 10 *~(0) 1 
478 (482)* 9 (0) 1 i 
ROSO6 }=©ROI06-4C «+ 6 hisI-7 + 109 (9) 57 oe (0) 0 
ROA28-68 2% Peneeral 103 (0) 42 (0) 1 
OS) Gnanmelaimn (151) 0 
ROSO7 RO89-20 +9 + hisi-1 130 (2) 15 ab (0) 1 
RO88-130 7+ htsl-7 + 159 (5) 20m (0) 2 
128 (1) 2 al) 1 
ROS12 RO106-4C +6 hitsi-7 + 99 (4) DAS (0) 
OR eS ees 9 ew 90 (6) 23,7 (0) 
90 (3) 26m (0) 
RO109. «= RO89-2D + 9 + hisi-1 118 (5) 20 (0) : 
RO88-1c 8+ htsi-7 + foci “2500 (0) 0 
120 (4) 25° (0) 0 
RO111 RO94-2A + 52 hisi-7 + 61 (2) 14 (0) 2 
ROS8-1A @+ + hisl-1 75 (Om. lowe 0) 2 
78 (5) 10 (0) z 


nnn nnn IED SaaS 


** Numbers of prototrophs existing prior to growth on limiting medium 
are parenthesized. Numbers were averaged from two lassie plates. 

* 'Jackpot (In these cases unparenthesized numbers include. pre- 
existing prototrophs. ) 

+ ROSO6-RO111 is a separate experiment. The control in this. case 41s 
RO109, which has been lassied previously (see Table 66). 
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TABLE 77: Spontaneous appearance of histidine or lysine prototrophs 
in muTt/muTt diploids derived from various strains, and 
serving as control strains for results shown in Tables 


68-76. 
Prototrophs arising** Red 
hts1 on limiting lysine 
Diploid Parents genotype histidine lysine revertants 
RO129 RO400-10C 1-7 + 85,86 (6) 140 (0) PaG 
RO105-2B + 1-1 64,68 (10) 165.9. (0) 0,0 
88,76 (5S) 1628 CO) iia 
RO150 RO428-6C* 1-7 + 95,82 (10) OF 16" (0) 10 
RO428-6B* ag 111 9 Series LA) (0) 1,0 
RO468 RO122-2C 1-7 + 56,62 (4) 
LZ13-1A + 1-1 53,49 (7) 
RO469 RO122-1C 1-7 + 68,83 (14) 
LZ13-2C + 1-1 88,76 (4) 


7,9 (ah) TApeT (0) ibaa 
hae Nag OS) Gat, 1(0) 3,0 
£05. 90 CO) 10).10./(0) 0,0 


RO130 RO400-10C 1-7 + 
RO105-1A 1-7 + 


6,11 (0) 13, 0) 11 
Fao) (a) 12.9) (0) 0,0 
7 oA Gan Laks. 160) 0,0 


RO140 RO4e8s6G. | 72 
RO105-1A i 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 
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TABLE 78: A summary of the phenotypes of homozygous and heterozygous 
mutators (all tested in one experiment; Tables 68 to 77) 


Median Lassie score 


hisi-7? htsi1-7 lysi-1/lysi-1 Strain viablity _ 


ee Ee pein BGT: novel thet oe am ae 
mut1/mut1 113 39 138 ao oa + 
mut2/mut 2 133 64 108 3 = as a 
mut 3/mut 3 87 44 pay) 1 + ma + 
mut4/mut4 119 41 Ze 4 - + 
muts/muts 29 30 71 2 + 2 s 
muté6 /muté LA 28 46 f ap ap oF 
mut7/mut7 263 22 4] 18) = = ve 
mut8/mut 8 189 18 fe ae ee 
mut9/mut9 * 200 76 2 + - = 
mutl/ + 1 7 23 1 + + + 
mut2/ + 58 7 14 il + + + 
mut3/ + 65 8 8 0” * + + 
mut4/ + 64 6 15 0 + + + 
muts/ + 57 14 16 1 “ = ts 
mut6/ + 170** 8 82 0 + 3 + 
mut7/ + 83 7 18 0 ns fh va 
mut8/ + 94 ib! 22 0 ae ae a 
mut9/ +* Ls 8 19 i + + + 
Mut’ /MUT™ 79 7 12 0 i + + 


I 


* heterozygous for muté-2 

** only one isolate tested 

+ a0" as opposed to a blank indicates that at least one locus 
revertant was noted in the strain tested but that the median 
score was less than 0.5 
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TABLE 79: Confirmation of the presence of an allele of muté (mut8-2) in mut9 


strains by complimentation testing with mut8-1 testers, using 
homozygous his1-7/his1-7 diploids. 


Experiment #1 Prototrophs arising** Red 
muté on limiting lysine 
Diploid Parents genotype histidine lysine revertants 
RO199 + RO79-8A + 8-2 9498 = (hUo) * 
RO78-8D 8-1 + 385265 (62) 
RO156 + RO79-8A + 8-2 49,8 (74) POS) bot ty) Ove 
ROS14-2A Ba 1 Pic Pi) SOPSOr AG) 917; +(0) Lin 


BOTS Tek. ROS 11-20 851 +. 2 62e42 aloo 
RO78-8D Pg 29 49" (58) 
143,125 (125) 


Experiment #2 


A eee ote Wels 
ra 196,190 (30) 
201,192 (13) 


XV731-3D 8-1 
XV731-10A 8-1 


RO69-1B Teoe S645 405) 
ROGO See te eee 
RO69-1B pao 59n449 (U5) 
XV7oieSD 8-1 + S7e6s (2h) 
RO69-3A Jalsa S403. (1) 
WVISLELOAs | sOabat 63,72 (23) 
RO400-10C ee 135519.) (4) 
XV731-3D gb + 3410. 4 5) 
20 e174 a Gly) 
RO428-15D ner 131s C2) 
MVPs OA | Ga) + VE Sa vik) 
RO69-1B Peg ey OS ame) 
RO428-15D Teer 12 se) (0) 
LO a4 CD) 
RO69-3A a ee 2) Le as) 
RO400-10C eer 
RO400-10C oe ee 5 One a (0) 
RO428-15D Te? Lean boG2) 
RO400-10C a eee 1066s e( 1) 
RO105-1A wep res Selita) 
Tiss CO) 


Dts) dee ge ea ee 
** Numbers of prototrophs existing prior to growth on limiting medium 
are parenthesized. * 'Jackpot''(In these cases unparenthesized 
numbers include pre-existing prototrophs.) +t These diploids are 

also heterozygous for mut9 (for controls see Table 77). 
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a Tetrad Analyses of Mutators Crossed to the mut7 and muté@ Strains 
At least ten tetrads from each cross of mut7 or mut& to muti 

through mut9 (and rad52) were dissected. These were screened by 
replica-plating or spot test for auxotrophies, mating type, 
UV, y and MMS sensitivities where applicable, as well as for mutator 
activity. Tetrads from crosses heterozygous only for muti through 
mut9 and rad52 were analysed prior to making the above crosses (the 
RO60- and RO70-series) and the results are shown in the appendix 
(Tables Ala to j) for comparison. Where double mutator mutants 
have segregated (i.e. mut7 mut1), most have been confirmed by 
outcrossing to mut tester strains. (These data are found in Appendix 
Tables A2a-g). Two tetratype [++, mutt+, +mut, mut mut] tetrads from 
each cross were further tested, where possible, to determine whether 
differences in Lassie scores between spores might be due to different 
final cell numbers per lassie plate in the double mutator. This was 
not the case except for crosses involving mutz. 

The mutators mut1, mut2, mut3 and mut4 have been characterized by 
Gottlieb and von Borstel (1976), and von Borstel and Quah (unpublished - 
data) for Zys1-1 mutation. I include references to their data when 


comparing these loci. 


a. mut1 (Tables 80, 81 and 82) 

The mut1 strains are characterized by a twenty- to 
thirty-fold increase in lysi-1 suppressor reversion rates; lysi-1 locus 
reversion rates appear to be reduced (Gottlieb and von Borstel, 1976), 
while hts1-7 reversion rates increase three- to four-fold, over muT* 


Strains. 
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When mut1 and mut7 are present in the same strain, mutl should 


be detectable because the strain should be highly revertable for 


lys1-1 (or other suppressible markers). The mut7 locus can be scored 


by its temperature sensitivity, while mut8& should be ascertainable 
by its enhancement of hisi-7 or his1-1 reversion, and by the '"mut8 
effect" of stationary phase mutator activity for hts1-7 reversion. 


Mutator loci appear to assort independently, from both of the 


mut 7 te mut8 + 
a2 muel (Table 80) and Ey. mut 


(1P:7T:2N in RO81; OP:4T:1N in RO101). The muti strains do not have 


(Table 81) heterozygotes. 


enhanced hisi1-1 reversion (for example, see tetrad #8, Table SO): 
Table 82a gives the mean revertants per plate for the mutator 
strains from RO81 and ROI1O1. There was no significant difference 
between means, either for MUT™ or for mut1l spores from these two 
crosses, and so both experiments have been grouped together. In 
this case, and for some of the other crosses, itsi-1 reversion 
data were omitted because only spores segregating for muté haa 
significant numbers of revertants at this test locus. The mut& 
mut1 hts1-1 and mut his1-1 spores shown in Table 85 had similar 
histidine lassie scores. Table 82b gives the spontaneous mutation 
rate, M, in terms of background cell growth, for histidine and 
lysine reversion in some strains from Tables 80 and $1. sGihne second 
page of Table 80 is a repetition in order to obtain enough data to 
calculate standard errors.) As can be seen from both Tables 82a and 
82b, the mutl mut7 strains produced, respectively, lysine Lassie 
scores and ratios that were more than additive with respect to mut 


and mut7 strains, while histidine reversion approached addivitity. 
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TABLE 80: Phenotypes of spores recovered from cross posi (= ) 
Segregating Prototrophs arising** Growth 
Sifain alleles at on limiting at Designated 
RO81- hom3 hts1 histidine lysine opie mutator (s) 
2A - 1-7 74>\~(0) Soda (1S) - mut? mutl 
B 1-7 50\,  ¢10) Zon, (0) - mut? 6+ 
C + 1-1 OF (0) 254) (4) + + muti 
D afte tuee Ow (0) 004 (0) + + + 
3A - 1-7 LO. C2 197 (0) + + + 
B + 1-1 On (0) Ba (0) - muUc7 & + 
c - 1-7 96. (9) Soae (213) - mut? mutl 
D t 1-1 e009) 22'oe (20) + + mutl 
4A - 1-7 Tae Gy) Lido wut CO) + + + 
B + 1-1 07,’ (0) tee. (0) - + + 
C - 1-7 136). (1 Dyes Ge2s)* |= mut? mutl 
SA - 1-7 i EO) A0n (0) - MC, 
B 1-7 27.0») ie, (1) ~ + + 
Ee 1-1 Oe (0) 626) (47h)* = mut? mutl 
D 1-1 OF) .(0) 37 Sim, CLS) + + muti 
6A f 1-1. T7pCO) ATOR FGI) - mut? muti 
B ~ 1-7 Folie let) Boe (4) - MUL + 
g - 1-7 L5py (0) 50s, (9) + + muti 
D + 1-1 De s( 0} HOF (0!) + + vs 
7A ~ 1-1 0 (0) 12.7, (0) + + A 
B - 1-7 AES CL) 264 (6) - mut? mutl 
C 1-7 Bou S) 24+8 (0) - MUL) + 
D 1-1 On 8 0)) 346%) GA) + + mutl 
8A ~ 1-7 o Same es) 18 (0) - MULT. 
B + 1-1 Ois>(0') 204s (52) + + muti 
iG 1-7 Boer (oa SO Saele) - Mao, LF 
D + 1-1 fe (0) 458. (87) + + muti 
9A + 1-1 OF (0) EAD) - + + 
B - 1-7 POG (5) 314 (454) ~ mut? muti 
C 1-7 tf ACR 9 (0) + + 5 
D 1-1 ey) 444 (16) - mut? muti 
10A - 1-7 56 (4) Soe a00) - mut? + 
B + 1-1 O (0) ATA ( 28) - mut? muti 
C - 1-7 SSeS) 25 Ama) ie + muti 
D + 1-1 Cae (0) Saar. (0) = + + 
11A - 1-7 134° °(6) 441 (6) - mut7 muti 
B - 1-7 toa (0) 7 (4) ° + + 
C A 1-1 tee GO!) 2545 i (3) "e + muti 
D + 1-1 2b 0) Pleyel) ~ UC Te No 


Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

'Jackpot' (In these cases unparenthesized numbers include pre- 
existing prototrophs. ) 
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TABLE 80: 


Experiment #2 


Strain 


RO81- 


2A 
B 
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Sy es) = 


—y 
oO wo foo) | Ov wn aS 
vows vcoOWF CoCr CUO wr Ow See (Sy (een 


— 
ery 
SS) (@y es) 2 tee @y ee) ce 


ie eer a las, et op a os 


see previous page. 
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(continued) 


Prototrophs arising** 


histidine 
88 (2) 
5 Se 2) 
QO. \xC0) 
1 260) 
13 4) 
Or 460) 
LL 3G) 
o> €0) 
Bie! ulal.) 
Of yt0s) 
102 6 (4) 
90. (32) 
50. €0) 
13a) 
0 (0) 
to Gos) 
$23... hd} 
105 @) 
0"... (0) 
0». CO) 
147-4653 
65. (Ch) 
OF 5660,) 
5A E25) 
0 (0) 
46° G1) 
Ore C08) 
Ou) 
129° 4633) 
5.) GL) 
O52 (0) 
39 «=(6) 
Ome (0) 
65 7 @2) 
On-iC0) 
110, FG94) 
Hare MOS) 
oO (0) 
OF i460) 


on limiting 


lysine 
391 ° (45) 
AS) Gas) 
298 (104) 
14 . @) 
os Cea 65) 
A555 (CC) 
AS) (2) 
255. (ow) 
£5 nO) 
157/60) 
555" (a9) 
47 - (0) 
14 (a 
A905-. (32) 
250° (582) 
SA2 (50) 
40). (0) 
SST ao 
no 0 Clade 
Van (68 
(OO Sn Coe) 
40 (0) 
2/4 (287) 
250 (OY 
£35. ((S20)e 
46 (1) 
388 (98) 
TOR (OD 
443 (96) 
18 (0) 
60M (Gl 
55) (0) 
5442 (ot) 
SLi 26590 
122 (03 
355: 16120) 
9 (0) 
5095, (2) 
GS) (2) 


Designated 
mutator (s) 
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TABLE 81: Phenotypes of spores recovered from cross Ro101 (<4 Se) 
Segregating Prototrophs arising** 
pirainm allelés..at on limiting Designated 
RO101- --hom3 htsi histidine lysine mutator (s) 
1A + 1-1 0,0 (0) AG? 347° (1) + mutl 
B e 1-1 0 (0) 439,339 (6) mut8 mutl 
C - 1-7 16517 500) a5 (0) + + 
2A - 1-7 TOs LZ VF CG) eG (0) + e 
B ~ 1-7 65:69) 742) 315,289 (428) + mutl 
C + 1-1 ASO (0) 29 316: (C0) mut8 + 
D v 1-1 7,4 (0) 454,437 (19) muté muti 
3A - 1-7 - 11,6 (0) Die Lent) + + 
B + 1-1 Sure (0) 434, 330.63) mut8 muti 
G + 1-1 AS (0) 399,419 (10) mut8 muti 
D ~ 1-7 LOU 1 3ae C8) Ore 0 a0) + a 
4A + 1-1 250 (0) 2955 2ounCo) + mutl 
B - 1-1 4,6 (0) 28207 (0) TCS ke 
SA + 1-1 0,1 (0) S6i,, Zou) + mutl 
B - 1-7 120,94 ".07) 45279) 700) UTS © oF 
6A + 1-1 Onae (0) 246,202 (14) + muti 
B * 1-1 ile (0) 2 ova 0) + 
c - 1-7 204 (26) BG on 0) TUCO | ee 
D ~ 1-7 103 (2) B52 52098 (8) mutl 
7A - 1-7 19 (3) 284 (RL) + muti 
B - 1-1 Byes: (0) grok « 09)) WUCS |, ot 
C - 1-7 518.500 a Ghz) Shy) (8) mutés muti 
D + 1-1 0,0 (0) 8,14 (0) - + 
8A - 1-7 59950) 122) oO 5 one) + muti 
B - 1-7 209 , 263) (103) 431, 485 (3) mut8 muti 
Gr + 1-1 7395 (0) 22 lOme. (0) MUCo) kt 
Dt 1-1 Fs (0) 20;14 (0) WMLGO peed 
10AT + 1-1 ZA0 (0) 5240254), (1) + mutl 
Bt ~ 1-7 315,202 (229) 8486, 455_(1) mut8 mutl 
(ety - 1-7 103,12 1) IAs: (0) + + 
Dt + 1-1 64l 2a OD ZITO. GW!) Tle Ounce 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

+ Histidine lassie data is from a separate experiment (controls 
were identical in the two experiments). 
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TABLE 82a: Summary of Lassie scores for crosses RO81 and RO101 


hts1-7 : Mutator (s) 

reversion MUT mutl mut? mut8 mutimut7 mutimuts 
Mean 14d 70 59 139 115 278 
SMES 1.8 es. yi 33 6.5 26 
lys1-1 

reversion 

Mean 12.4 308 42 22 413 420 
5.5 O47 14 S.5 15 22 15 


een ernEnn EEE nnEIEEREEEIREERIREEIIIRRIER EEE EEREREEIE TREE EERE 


b: Mutation rates (M) in terms of (unreverted) cells per 
Lassie plate of strains from crosses RO81 and RO101 


Lysine Cells/ M, 3 Histidine Cells/ M 


RO hts1 Lassie plug 4 4 Lassie plug 4 fare 
Mutator strain allele score* x 10 x LO score* LO) x ALO 
muti 81-6C 1-7 554 2418 62 79 1438 Z3 
101-7A uy 278 2068 57 87 1658 22 
81-3A 1-1 252eCE) ) 20zs a2 a 1158 Ona 
101-6A a il 1438 a 
mut7 81-6B 1-7 38 ere 9.0 96 130 31 
-3B 1-1 An 21), 196 10 i Si eo?! 
muts 101-6C 1-7 TAS CAs aioe Gy 164 142 48 
-7B iil 20. (10) 201 Ae vi 7. lee 7. 
muti, 
mut7 81-3C 1-7 A220 (1) 2853 94 121 1138 45 
-6A 1-1 286. (1), 2498 80 1 1318 0.8 
muti, 
muté 101-7C ee, S51 2568 Sy, Biden 1608 Ta 
-3B 1-1 B25 sb) eo 63 iS 1568 0.8 
mut" Biesa ey 14 154 ies 12 152 3.3 
101-3A Wl 19 188 fs Wag 20 128 6.5 


* Average of two determinations 
§ Average of four determinations 
Numbers in parentheses are the number of red (locus) revertants/plate 
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Additivity cannot be ruled out for mut1 mut& reversion for either 
his1-7 or lysi-i1. 

The numbers of cells on lysine Lassie plates are higher in 
haploids derived from RO81 and RO101 than for haploids from other 
crosses. This may account for the elevated lysine Lassie scores for 
mut7, mut& and MUT™ in these strains (see data for mut2 crosses for 


comparison). 


D mut2 (Tables 83, 84 and 85) 

Most mt2 strains show a five to ten-fold enhancement 
over MUT™ strains for both lys1-1 and hisi1-7 reversions. The lysi-1 
locus revertants may be slightly enhanced (Table 85). The muta 
strains may be detected by a non-ts MMS-sensitive phenotype (Nasim and 
Brychcy, 1979). The mut7 and mut8 phenotypes were scored according to 
the characteristics mentioned in the section describing the muti locus. 
The mut2 allele assorts independently from mut/ (1P:6T:3N) and from 
mut8 (1P:8T:0N). The mut2 mutation does not significantly enhance 
his1-1 reversion, whether alone, or as mut2 mut7 (Table 83) or mut2 muté 
(Table 84), over scores seen LOL MUT* Stiaans 

In Table 89a the mean Lassie scores for htsi-7 suggest that both 
mut? and mut8 interact less than additively with mut2 for reversion of 
this allele. The mut7 mut2 and mut8 mut2 strains were additive over 
the respective single mutators for lys1-1. ‘The situation appears 
to be totally reversed in Table 9b. These data (from a separate 
experiment) suggest that both double mutators are additive for htsi-7 


reversion, while mut7 mut2 strains may be additively enhanced for 
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TABLE 83: Phenotypes of spores recovered from cross R082 ( 


Segregating Prototrophs arising** Survival 
Strain: ': aldelessat on limiting at on 
RO82- hom3 htsi histidine lysine 36°C MMS 
1A - 1-7 73 (9) Gerth) + < 
B + 1-1 4 (0) 1218 (203) - - 
C + 1-1 0 (0) 40 (0) - - 
D - 1-7 14 (1) Ta (08 + + 
2A = 1-1 0 (0) Tet) + + 
B 1-7 65 Pol) Shr (43) ~ - 
C + 1-1 0 40) 1353 G9) - - 
3A + 1-7 6 (0) Tec) . 
B - 1-1 0 (0) Pie (c) + 
+ 1-1 AO} 96 (65) ~ - 
4A + 1-1 OC0) AZ) - - 
B - 1-7 PA SUS )s) 7865) - = 
€ 1-7 67 (4) 73a) y = 
D + 1-1 0 (0) 69 (0) - - 
SA - 1-7 85 (6) 83, (0) - - 
B + 1-1 As 0) 122500) : = 
C - 1-7 O55) SZ Ce) - ~ 
6A - 1-7 SLE sC2,) AL (0) - . 
B & 1-1 Sac) LOS) 262) - . 
C ~ 1-7 Sy Oe ee 15e (ly) + + 
D = 1-1 0 (0) B2e3 CW) + 4 
7A ~ 1-1 Is (0) 95-5013) - - 
B - 1-7 LOZ 20 er 2 0S CES 6ps - - 
G - 1-7 9 (4) 151.60) - = 
D + 1-1 ACO) 15760) ~ + 
8A + 1-1 One.0) 154,00) + + 
B - 1-7 LOZ G59 isag Ua 25) - ~ 
G - 1-7 Souter) 46. (2) - - 
D + 1-1 2. £0) 74 (66) + e 
9A - 1-7 6&0) 1401) + + 
B - 1-7 6 (0) L7 (0) + 
S + 1-1 2 360) 16D CLO) - ~ 
10A + 1-1 1AC0) 159/90) + + 
B - 1-7 767(1060) * OF. (ay - - 
C fo 1-1 20) O7.02) + - 
D - 1-7 AS (15) LO LAs) < - - 


mut/ + 


Ee 


Designated 
Mutator(s) 


+ mut2Z 
MUTT MmMUtZ 
mut7 + 


mut? mut2Z 


+ + 
mit? muta 
+ mute 
mut7/ a 


Se ee ee 


** Numbers of prototrophs existing prior to growth on limiting medium 


are parenthesized. 


* 'Jackpot' (In these cases unparenthesized numbers include pre- 


existing prototrophs 
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mut8 + 


TABLE ».84 fi aieD) 
Segregating Prototrophs arising** Growth 
Strain alleles at on limiting on Designated 
ROLOZ=9" homs hiel. ~ Wistidine lysine MMS mutator (s) 
1A - 1-1 050. (0) Ano (0) + os oe 
B = 1-1 25 Sl) 80,80 (39) - mut8 muta 
C - 1-7 144) 1620140) 22 ssi C1) ag MUL) Vr 
D + 1-7 98,83 (8) 102,88 (24) - + mut2 
2A - 1-7 LOR, 968 (0) 665, (12) - + muta 
B = 1-1 ste | ACE) 116-52) CL) - mut8 mt2Z 
C + 1-1 je OF Ao BO) LAO 00) ce + + 
D - 1-7 124295) 25-24% (0) + mute sr 
3A ~ 1-1 cir Lae (ORS OAD - muta 
B - 1-7 259546108) "#52 1s Clo2) - mut 2 
C 1-7 142,186(65) L7eL6 (0) + Mute. + 
D 1-1 PAU CUS) 122 tess (0) + + + 
4A a 1-1 OF a0!) ny borne + + + 
B - 1-7 146; 181(100) (924,17 (0) + mute, + 
G + 1-1 Ae aes (0) 806 ,765(685)* - + mut2é 
D - 1-7 PAGE SSSY 3) ee 2S 98n CL) - mut8 mutéZ 
SA - 1-7 102,99 (80) 27, 254 (0) 2 nto. | tt 
B - 1-7 gy 8 I) i, LOO) + + F 
6A + 1-1 Ae Sane C09 104,109 (2) - mut& mut2 
B + 1-1 ye, ). 0) 56,81- (0) - mut 2 
7A + 1-1 0.0. (0) 79° (0) oe pr - 
B - 1-7 175,188 (59) ol06y P2502) - mut8 mut2Z 
G te 1-1 Bie iO) PZ ou (0) - MGs Wt 
D - 1-7 L165 2007,) LO 7g de + (14) ~ + mut2Z 
8A - 1-7 15 lOuoo) Poco O) + Mucosa  +F 
B + 1-1 bi 500) TOGoLaCOy - + mut2 
6 + 1-1 OF Oany C05) 13,14. (0) = + + 
9A + 1-1 ato mt) 20 ; TRO) + MUG \ + 
B a 1-1 On 4) (0) 259 254202) * - + mut2Z 
g - 1-7 TI 2 0C70) 60,7 54tG) - + mut2Z 
D ~ 1-7 97,60 143) mes) 52 OO) Es Mute it 
10A - 1-7 67,90 (7) 83779 92) - + mut2 
B . 1-1 BOWS? 860) 372,367 @282)* - mut8 mut2 
g + 1-1 O80 (0) abet ey 0)9) a + + 
D ~ 1-7 27S 298( 127) vs, 22,(0) wy MUCE. OF 


Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 
'Jackpot' (Inthese cases, unparenthesized numbers include pre- 
existing prototrophs. ) 
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TABLE 85a; 
RO102 
hits1-7 i" 
reversion MUT 
Mean 2 a 
S.E. eS 
lys1-1 
reversion 
Mean ieee 
Sib. es, 
De 
RO hts1 
Mutator strain allele 
mut2 82-1A 1-7 
102-7D mM 
82-8D 1-1 
102-6B us 
mut7/ 82-8C 7 
-9C 1-1 
mutés 102-5A 1-7 
-7C ae) 
mut2, 
mut7/ 82-6B 1-7 
muté, 
muté 102-7B 1-7 
-6A 1-1 
aa 
MUT 82-1D 1-7 
102-5B 1-7 


* Average of two determinations 
Average of four determinations 
Numbers in parentheses are the num 
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Summary of haploid Lassie scores from crosses RO82 and 
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Mutation rates (M) in terms of (unreverted) cells per Lassie 
Plate of strains from crosses RO82 and RO102 


Lysine 
Lassie 
score* 
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lysine reversion. The ldysi-1 mutation rates appear to be less 

than additive in mut2 mut& strains. It would be unwise to reject 

the null hypothesis of additivity prior to the testing of several 
mute mut& and mut2 mut7 strains with the 1000-compartment fluctuation 


test, for either hts1-7 or lys1-1 reversion. 


Ce mutds (Tables 86, 87 and 88) 
Most mutS strains confer roughly five-fold enhancements of 

lys1-1 and hts1-7 reversion rates. Suppressor revertants account 
for most of the increase. Nasim and Brychcy (1979) determined 
that this locus was also sensitive to MMS. Hence mut3 is identified 
with segregating non-ts, MMS-sensitive spore clones. Note that 
mut2, mutds, mut4 and mut7 confer MMS-sensitivity. Therefore, the 
presence of the non-mut7 mutator in double mutator mutant strains 
(from tetratype tetrads) had to be confirmed by complementation 
tests (Appendix, Table A2). This was also true of crosses where 
no markers sensitive to MMS, y -irradiation or 36°C incubation were 
segregating. 

The mut3 locus may be linked to mut7 (4P:6T:0N), but the numbers 
Of tetrads scoredgwas toojlow, to bereertainm., “It is unlikely that 
close linkage exists between mut3 and mut8 (3P:5T:1N). Again 
his1-1 reversion is not unexpectly altered in mut3-bearing strains. 

Additive enhancement of mutation rate cannot be excluded for 
either mut7 mut3 or for mut&8 mutds, based on differences and 
variability in frequencies and rates of htsl1-7 or lysi1-1 reversion 


shown in Tables 88a and b. 
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mut? + 


TABLE 86: Phenotypes of spores recovered from cross R083 ( i mE 
Segregating Prototrophs arising** Survival 
Strain . ablelesiat on limiting at Designated 
RO83- homs htsi histidine lysine 36°C MMS Mutator(s) 
1A + 1-1 S60) Serr + - ean LO LORS 
B - 1-7 T37a(LG) 95 40023) ~ - mut? mut 
G - 1-7 jalan (6 8)) 54r(.05 = - mut7 + 
D + 1-1 COJmKEO)) 14 #1) = + ss + 
2A + 1-1 1 (0) TOL) + = + mutes 
B - 1-7 WHE (TOL) 86 (24) - - + =muts 
G - 1-7 SO m5) 55a Oy - ~ mut7/ + 
D + 1-1 60) Soa) - - mut 7 + 
3A - 1-7 faa Go| TAS) + - + mut 
B - 1-7 Sout} 53e 009 - - mut 7 + 
G + 1-1 Orn O)) 5918 (0) - - mut 7 : 
D + 1-1 en 8) 86 (6) + - HUG} 
4A - 1-7 NG iat ag) 14 (0) + + + + 
B - 1-1 5 (0) 223 (259) = + - + mut 
C + 1-1 1 (0) 109 (1) - - mut? mut 
D + 1-7 66 (0) 38 (0) - - mut 7 + 
SA - 1-7 64 (4) 30" (3) - - mut? + 
B + 1-1 0 (0) TiC) + + + + 
G - 1-7 59 (41) Lor (5) + = + mut3 
6A - 1-7 105 (89) 158 (2) - - mut? mutd3 
B - 1-7 SF ats) 46 (0) - - mut 7 y 
C + 1-1 S(O) 152462) oh - SM UES 
D + 1-1 1360) Dar) * + + + 
7A + 1-1 2. (0) 91 (0) + - + mUtS 
B - 1-7 79: (7) 81 (0) + - +  muts 
G - 1-7 55a GOD 43..(5)) - - mut 7 + 
D > 1-1 On C0) 43 (1) - - mut/ + 
8A + 1-1 0 (0) 2000) - - mut7 + 
B - 1-7 65, (8) Soto) - - mut 7 + 
C - 1-7 119616) 86 (0) + - CP ies 
D + 1-1 Ps a) 134 (3) 2 - + muts3 
9A - 1-7 Oe (5)) 10 (0) + = + re 
B - 1-7 130. CLL) 106 (4) - - mut7 mutsd 
C + 1-1 Zango) 80 (0) + = + mutts 
D + 1-1 2H) SOMO) - ~ mut 7 + 
10A - 1-7 Leber (2) 143 (4) - - mut? mutd 
B + 1-1 O (0) 52 ECO) - - mut 7 + 
C + 1-1 2 (0) 10 sG09 + - = + 
D - 1-7 92 (0) 59 (0) a - coum fie REGS 


** Numbers of prototrophs existing prior to growth on limiting medium 
are parenthesSized. 

* 'Jackpot' (In these cases unparenthesized numbers include pre- 
existing prototrophs 
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TABLE 87: Phenotypes of spores recovered from cross ro10s (He =e 
Segregating Prototrophs arising** Growth 
Strain alleles at on limiting on Designated 
RO103- hom3S htsl histidine lysine MMS mutator (s) 
1A a8 1-1 Dior UO!) 72,64 (1) - mut8 mut3 
B - 1-7 507256195) 48,44 (23) - mut8 mutd3 
C + 1-1 OO 0) 9.11 (0) * + + 
D - 1-7 to 20a 0) 8,16 (0) + + + 
2A - 1-7 222, 19366) i222 ioe) + mutG + 
B + 1-1 dD SOuhaCQ)) 80767" (2) - mut8 muts3 
Gi - 1-7 LO nh.) TOF A 203) + a + 
D + 1-1 Zits) 800) 68,91 (0) - + mut3 
3A + 1-1 (02 a G08) tou 4 (0) + $ f 
B - 1-7 78,65 (00) 66,80) (1) - mut 3 
4A - 1-7 Hotes hi al Saati SGlssje 1+ mut8 + 
B - 1-7 L138. Sy \(.0)) Go582. (0) ~ + muts 
G + 1-1 Osco eG) 554.60 400) - + muts 
D + 1-1 apace an 0), Tole t(0) = Mute + 
SA - 1-7 12 toe (OQ) OF 21) + + + 
B + 1-1 Zum CO.) 85,04) (3) - muté8 mutd3 
C + 1-1 ae 0) Tee (10) + mutes + 
D - 1-7 857,00" (2) 5S, FOMmCO) - + mut3 
6A + 1-1 Tey 25608) To ECO) + + + 
B - 1-7 55,354 (44) AB MOon 0) - + muts 
C - 1-1 65.557 900) 95,52) (4) - mut8 muts 
D + 1-7 Qo Soll oy) 20,16 (0) + NUCO® 
7A - 1-7 70354 (4) G¥5-f2> (0) - + muts 
B - 1-7 O5 LAL CTS) 69,65 (0) - + muts 
G + 1-1 ZF, 1.400) ote C0) = mute + 
D + 1-1 2 a) ZAT ILS CO) as mute  -+ 
8A + 1-1 BG Out 0s) 09a (0) + mut&E + 
B - 1-7 54" 479) Se (1) ~ + mut3 
C + 1-1 Se OL) 69,91 (3) - mut8 mut3 
D - 1-7 R259 MitO:) Tae 1 4(0) “: + + 
9A - 1-7 106.90 (104 ew 10,20 (0) + mute + 
B - 1-7 59,41 (12) 83,42 (40) - + mutd 
C 1 1-1 eee CO) Leer (0) . mut& + 
D + al > Tee ei) 60,97..(0) - + muts 
10A 1-7 De O1)) 4 oO) - muté muts3 
B + ieab OS0e 60') 13341 (0) + + + 
C - 1-7 12t 844) 24,24 (0) a MAGS, 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 
* 'Jackpot' (In these cases unparenthesized numbers include pre- 


existing prototrophs. ) 
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TABLE 88a: 

RO103 
his1-7 5s Mutator(s) 
reversion MUT muts mut? mut8 
Mean TZ e7, 7S 55 145 
SCE. npn 6 Baro iy; 
lysi1-1 
Mean hea Hoss Vag 41 16 
Sie. Oeez Kets} PRS pape 


t Data from only two spores 


Mutator 


muts 


mut 7 


muts 


muts, 
mut 7 


muts, 
muté 


MUTT 


Summary of haploid Lassie scores from crosses RO83 and 


mut dsmut7 mut démuts 
127 266 
8 ie) 
122 71 
12 AZ 


b: Mutation Rates (M) of Strains from Crosses RO83 and 
RO103 in Terms of (unreverted) Cells per Lassie Plate 


RO 
strain 


eee eee Cee CSF 


83-10D 
103-6B 


83-4B 
103-4C 


83-4D 
-10B 


103-6D 
-4D 


83-10A 
226 


103-18 


83-4A 
103-1D 


Lysine Cells/ 
htsi Lassie plug 4 
allele score* x 10° 
1-7 49 (1) 1178 
" JP 202 
1-1 70 105 
u 82 (4) Lis 
1-7 oY 93 
1-1 oye 1008 
7 V7 \GH2) 114 
1-1 19=(13) 1605 
1-7 78 (12) 146 
ft 90 (14) 995 
1-7 Li 152 
ti Tomer y, Vdd 
fag 122 ee 108 
iM Sah) 143 


Average of two determinations 
§ Average of four determinations 
Numbers in parentheses are numbers of red 


M, Histidines, Celts/a aM. |. 
ys L d A hts 
assie plug 8 
x 10° scores* x 107% x 10 
18 69 128 ZS 
79 PO 2 25 
28 Z 192 0.4 
20 0) 127, <0 
te? 64 110 24 
14 ih Laglal Oe4 
6.4 dL PAGS P52 40 
5.0 6 154 1.6 
5g 106 124 36 
38 3 1258 1.0 
Fh 226 LES 84 
PRS 5 Lies digas bi 
Ard: 12 iy, ees) 
a ay 149 4.8 
revertants/plate. 
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TABLE 89: Phenotypes of spores recovered from cross R084 ee 7) 
Segregating Prototrophs arising** Survival 
Strain. alleles at on limiting at on Designated 
RO84- homs  hisi histidine lysine 36°C MMS Mutator(s) 
1A - 1-1 4 (0) 75m O8).* - - mut7 mut4 
B 1-7 40 (4) ie Sa fal lo a + - FU 4 
G + 1-1 O (0) 14 (0) ~ - mut? + 
D - 1-7 9: G03) 18 (0) + + + 2 
2A + 1-1 S50) 86 (26) - - mut7 mut4 
B - 1-7 LSRCO!) 15 (0) + + + + 
G - 1-7 79 (8) 69 (3) + te * ) nue 
D + 1-1 TCO) 36 (4) - - mut 7 + 
3A + 1-1 Zeal) 69 (0) + - + mut4 
B + 1-7 SAGE) 5 Sia Sp - - mut 7 + 
C - 1-1 Or G0)) 10:.(0) + + + + 
D - 1-7 99: (13) 69: (1) - - mut? mut4d 
4A - 1-7 ZO ids) 26;4( 0) - - mut 7 - 
B + 1-1 1) (0) 82 (4) - 4 + mut4 
C + 1-1 2 (0) 598 (12) + - + mut4 
D - 1-7 70. (4) 42 (0) - - mut 7 + 
SA + 1-1 ly 003 56 (0) + - + mut¢ 
B - 1-7 Se 68) 79 ( G00 * ~ - mut7 + 
C + 1-1 ls (Oy Tipu ls) ~ - mut? mut4d 
D - 1-7 one) Leal + + + + 
6A + 1-1 0. (0) SSC Oy) - - mut 7 + 
B + 1-1 O (0) 5 3m( 0) + - Se LCS 
é - 1-7 ah, (0) LOO) - - mut 7 + 
D - 1-7 61 (6) 104 (0) + - + mut4 
7A ~ 1-1 I. (0) 46 (0) - - mub7/ + 
B - 1-7 65: (Gy eee) - - mut? mut4 
c - 1-7 57 (4) 69 (87) + - + mut4d 
D + 1-1 Lee CO) 19) 400) + + + + 
8A + 1-1 O (0) 58070) ~ - mut/? mut4 
B + 1-1 OFC) 10,5¢3) + + + + 
C 1-7 SAS) 25 08 - - mut 7 + 
D 1-7 5S (5) 40 (14) + “2 +  mut4 
9A - 1-7 55m CO} 24 (9) - - mut 7 + 
B + 1-1 Oe 4003) SL yl 2) + - +) Mute 
& + 1-1 24 CO) 43 (0) - ~ mut7 mut4 
D - 1-7 9 (0) 14 (0) = ” ~ + 
10A - 1-7 8 (0) ya) + + + + 
B + 1-1 EVEN Sane) - - mut? mut4 
C + 1-1 0 (0) TCO} + - + + 
D - 1-7 65. Cb)  ulele) - - mut7 mut4 


are parenthesized. 
* "Jackpot! (In these cases unparenthesized numbers include pre- 


existing prototrophs 
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TABLE 90: Phenotypes of spores recovered from cross RO104 =" —) 
Segregating Prototrophs arising** Growth 
Beran alleles at on limiting on Designated 
RO104- homs htsi histidine lysine MMS mutator(s) 
1A + 1-1 12 ato) TL S97 60)) - + mut4 
B - 1-7 138,130 (C109) 7 27 ono) + muté + 
c Loe, 72 cl) OF 2) 00) + + # 
D + 1-1 1 Ot (en 13.36 (6) - mut8 mut4 
2A 1-7 S105 (09 Lahore (ib) + “ + 
B - 1-1 2 Aas oie) 20, 2457) + muté oa 
C . 1-7 78, 98a tl) 55,59-—(€2) - mut4d 
3A + hess) Hie a 6.0 SO 74) - mut4 
B + jee) Aor (0) 1102 TOF C0)) - + mut4d 
C - 1-7 86,168: 165)) 2 22e8Gn 60) + muté + 
4A S 1-1 BS Onsen) OPT SO US) - mut&8 mut4 
B + 14 0,07 °{0) TOS 60) + # + 
C - ey LOT Ee CSS) 20 ea) 0) + mut 8 + 
D - 1-7 16,,.88° (6) 84,70 (0) - + mut4 
SA + jhewk Sa eG) ip gd ery (11S + mut 8 “ 
B “ 1-7 182 ,165(94) 20 52 G5560)) + mut 8 aa 
C 1-7 OFe 103(2) 74, 42:(52) - + mut4d 
D + eas 1255.91 (0) 59,94 (0) - + mut4d 
6A + 1-1 O74 C0!) 2220 cOy + muté + 
B + 1-] St PE e600 69,1100) - mut8 mut4 
C - 1-7 hop 22400) Ty laze (0) + + + 
D = 1-7 80,87 (0) 59. 100 '(0) - + mutd 
7A + eel Di Se eO) 8195 (0) - muté8 mut4 
B = 1-7 ZOT 1 ZA (96) 145 7S RGD.) - mut8 mut4d 
c 1-7 Sa LO. C6) OS (k) + oa + 
D + 1-1 OROe 1( 0) Aas 360) a ae =f 
8A - 1-7 84°81. (3) 39° Pols) - + mutd 
B + Hc Za NC O;) 93; 119-62) - mut8 mut4 
CG + 1-1 G04" C0} 9 154-60) + a a 
D - L=7 140, 166 (55) Se22 400) + muté8 “ 
9A + 1-1 Zoe ekO)) ERT at’) - + mut4d 
B = bea, BS Slow (4d) 85.265 (0) + muté + 
C ~ Ledl Gala 60) 79 LOW CO) - + mut4 
D - Bese Pte Cl 7.) TS 2h Os) + mut8 + 
10A + A 64 eC) 26,22, (O} + muté oa 
B + jal 0,0 0) Sep id Ce - + mut4d 
¢ - 1-7 184 °(93) 194219 (0) + muté + 
D - 1-7 64 (4) 6559 0m (50) - + mut¢d 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

* 'Jackpot' (In these cases unparenthesized numbers include pre- 
existing prototrophs. 
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TABLE 9la: Summary of haploid Lassie scores from crosses RO84 and 


RO104 
hts1-7 . Mutator (s) 
reversion MUT mute mut? mut& mut4mut 7 mut mut 8 
Mean 10.6 76 38 157 Was 188+ 
Sites: 1.4 4.8 6.4 8 CA 14 
Lys1-1 
reversion 
Mean TZ ig sal 20 58 87 
Subs 1.0 Cae 4.4 2 Thess: 5.0 


a ea 
t Fewer than four spores tested 


b; Mutation rates (M) of strains from crosses RO84 and 
RO104 in terms of (unreverted) cells per Lassie plate 


Lysine Cells/ M, g Histidine Cells/ M 


RO his1 Lassrve. plug. * Lassie plug*, ee 
Mutator strain aitere tscores > & 1074 x20 score* xa10 xr e0 
mut4 84-1B 1-7 56 168 14 91 131 29 
84-3A 1-1 66. (1) Pot 23 1 142 O23 
104-1A " JP (1b) 265 1 129 O55 
mut7 84-3B 1-7 42 128 14 64 159 17. 
-1C 1-1 42 142 12 | 1:23 OxS 
mut 8 104-1B 1-7 18 160 Ad. 168 iS 62 
-5SA 1-1 Si (ay Loo Des. 5 104 220 
mut4, 
mut? 84-3D 1-7 118 144 34 97 133 31 
-1A 1-1 JP IOL) 170 0) 84 <0'5 
mut4, 
muté 104-7B 1-7 93 232 aly 102 V2 59 
MuT™ Saget Brae me Chyewe aso ok 1 149 0.3 


Pen cE, Saas Oe eee BET ES OI eee he ey i 
* Average of two determinations 
§ Average of four determinations 

Numbers in parentheses are numbers of red (locus) revertants/plate 
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a. mut€ (Tables 89, 90, and 91) 

The mut¢ locus confers an approximate four-fold 
increase in haploid reversion for both Ats1-7 and lys1l-1, and Nasim 
and Brychcy (1979) have shown that the locus is MMS sensitive. The 
MMS-sensitivity was again exploited to detect the mut4 locus. 

Both mut7 and mut8 appear to assort independently of mut4 
tr Pron and SPST: IN, respectively). The mut 4 locus does not 
confer enhanced fts1-1 reversion. 

The mut4 mut7 and mut? mut8 strains appear to be less than 
additively enhanced for hts1-7 reversion (Tables 9la and 91b). 


These strains were additively enhanced for ltys1-1 reversion. 


e. muts and radél-1 (Tables 92 to 108) 


The mutd-1 allele confers a five to ten-fold increase 


in spontaneous mutation at both his1-7 and lys1-1. It has been 


shown to confer U.V., y and MMS-sensitivities (Quah, unpublished, 
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Nasim and Brychcy 1979). It is also responsible for reduced UV-induced 


intragenic recombination at hts1, and is allelic with rad51 (Morrison, 


1978). For this study,the y -radiation sensitivity was used to detect 


Muows Stains. 


The mutd allele is not Closely linked to mut7 (7P:9T:0P suggested 


linkage from Table 92, but these ratios indicating linkage were 
not found in subsequent crosses, for example, Table 96) nor to 
mut8 (3P:6T:0N). The mutd allele did not enhance htsl-1 reversion 


Significantly (Tables 92 and 93). 
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The Zys1-1 and hts1-7 reversion scores appeared to be 
less than additively enhanced for mut8 mut5 strains according to both 
Tables 94a and 94b, compared to strains bearing either single mutant. 
Viable mut7 mutd strains were not detected in the RO8S cross (Table 92). 
No spore clones with both y -sensitive and ¢s phenotypes were found 
in thirty-three more tetrads dissected from this cross. Two crosses, 
of daughter strains RO85-2C (mut7)/RO85-2B (mute), and RO85-17D (mut7)/ 
RO85-17B (mutéd) failed to uncover any viable mut7 mutd strains in a 
total of 26 tetrads tested. It appeared that mut7 conferred 
inviability to muté strains or vice-versa. A cross of the mut? 
strain (RO428-6B) to the rad51-1 strain RO91-1C produced no viable 
mut? rad51-1 segregants in 16 tetrads. Hence this phenotype appeared to 
be a characteristic trait. conferred by rad51 alleles. 

Table 95 indicates that the above premise was not always true. 
Four four-spored tetrads dissected from cross RO112 bore viable 
mut? mutd mut8 spores. To ascertain that this viability of the 
strains bearing mut7 mutd was not due to the presence of mutas.a 
mut? mut8 mutd strain (RO112-1B) was crossed to the MUT™ Atsi1-7 strain 
RO255-3A. As may be seen from Table 96, approximately half of the 
viable mut7 mutd segregants did not contain mut@ (8/14). Of inviable 
mut? mut spore clones (at least 11/25), roughly half (4/11) contained 
mut8. Hence, it is unlikely that the presence of mut8 was responsible 
for the viability of the previously inviable combination. It is possible 
that mut? muts strains may be rescued by the presence of another 
segregating locus, based on the viability of about one half of the 


presumed mut7 mutd spores. 
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The RO113 cross also suggested that mut7 was linked to lys1-1 
(9P:15T:0N). No other linkages were observed except that of muté 
to homg (11P:13T:0N), which produced a map distance comparable to 
those calculated by Morrison (1978). The observation was peculiar 
because two other crosses, RO250 and RO252 had yielded completely 
Opposite results for mut, — Lyed linkagestartotalvof \OPrh2T:6N4:for 
both crosses). The only major difference between these crosses was 
that mutd was not segregating in the latter two. One explanation 
could therefore be that mutd5 caused a reduction in mut7-mediated 
recombination between distant markers on the same chromosome. A 


second cross, of the haploid RO112-1B (mut7 mut& mut5) to the MUT* 


strain R0O107-5C which bore the usual markers (strain RO118, Table 97) 


yielded a similar proportion of viable mut7 mutd spore clones (3/5). 


Both crosses RO113 and RO118 had reduced numbers of revertants in 


many spore Clones, even after 14 days' incubation, compared with 
cross RO112 (Tables 98a,b and c) or RO105 (Tables 93 and 94). In 
fact, the only mut7 mut8 his1-7 strain segregating in cross RO118 
(2A) showed a halving of the Lassie scores (Tables 97 and 102d) seen 
in the mut? mut& data shown in Tables 98a and b. The mut7 mut8 mutd 
Strain RO118-3C had a reduced lysine locus revertant frequency when 
compared with the usual mut7 mut8-mediated locus scores (see, for 
example, Table 9). This suggests that the reduction in total 
lassie score may be due to the elimination of the Zysi1 locus 
category of enhanced reversion in mut7 mut8 strains. 


In further attempt to explore the possibility that an 


antimutator gene was causing the reduced mutation frequencies seen in 


P25 


r logetians 0g ‘ashton bedi seco, tena | 
0 Maen rey tio: Leda: ay yal kaya 4 


Flom 


chia 26ReLT? rudd, awitod Bane otee oe 


Ln 


neki gem gn 00 ow nH 58 ‘ta wk atone “ae 
he * fri tate dest wed nobroubet * beau. Ste aos bee 
(aS ews esi pit ata erin ane vei 
OM ota od 4 (Bay Bans Nea 9 40108 tosqad oat Yo : 


a eee 
; Bt A” 


o onriet (rh 14, iaivoe) erent aren, ott ao ial uk 


s) 


858) eonals atten at ‘han oid det aby pide 


7.) it Salt 
et » ean 
Aiea wp 


‘i asnntisieas 0 rrodmt boontiby bun sito ‘i tenon: 
ae eegieoy hii ert: vata at vas sve bs ste 


us ae bon ze t cote) ange > 1@ ey Wow it ae 
: ie ad 
. Sata 


176 


the above examples, the data shown in Table 99 were collected: The 
diploid strains bearing various doses of mut7 and mut8 were included 
for comparison. It is evident that the two mut7 haploids RO428-6B 
and 6C have relatively enhanced mutation rates compared to other 
mut? strains (Table 9). The reduction in mut7 mut&-mediated reversion 
rates in spore clones from RO112, even compared to the rates for 
mut? mut8 muts strains is again apparent. Interestingly enough, 
mut? mut8 muto strains also have a reduced "wut8 effect" 
(Tables 95,96 and 97). 

All spore germinations subsequent to those of diploid RO94 
(the RO100 and ROSOO series) were performed at 20°C following the 
Observation that viable mut7 rad52 Spore clones were recoverable at 
15°C but not at#26°C) (Tables¥i22: and 123). While spores from crosses 
of mut? to mutd were never repeated at this low temperature, it was 
considered necessary to repeat, at 20°C, the specific cross that had 
first shown the lethal interaction of mut5 and mut? (RO428-6B/RO75-4D) . 
The mut7 revertant isolated from RO428-6B, mut7-1-11, was also crossed 
to the same mutd strain to ensure that the observed lethality was not 
occurring because of other genetic factors present in the parents of 
the original mut7/mutd cross. Ten tetrads each were Sporulated, and 
then germinated at the following respective temperatures ; 
20GC/20°C, 26°C/260°C; 209G0/ 264C; “ande2o2G120 °C for’ each of ‘the itwo 
crosses. The results may be seen in Tables 100 to 107. No viable 
mut? mutes spore clones were observed to segregate under any of the above 
conditions. The cross of mut7-1-11 to mut5 showed no Datternseot 


spore lethality (9/80 inviable muté spores, compared to 2/24 inviable 
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TABLE 92. Phenotypes of spores recovered from cross RO85 (Sven ea) 
Segregating Prototrophs arising Survival 
Strain alleles at on limiting at after Designated 
RO85- homs htsi histidine lysine 36°C ie Mutator(s) 
1A + 1-1 2 60) 74 (13) 7) - +). pines 
B + Led 1160) 8 (i) + + + + 
C - 1-7 55) (22) 30 (0) - + mut7 + 
2A + 1-1 EG) ZT) + + + + 
B 1-7 64 (40) 5) (3) + ‘ + emuts 
€ + 1-1 0 (0) 45 (0) - + mut7 ~ 
3A 1-7 83 (10) 48 (9) + - Sef are) 
B 2 sees 44 (14) 61 (0) + 4 +  muts 
4A - 1-7 64 ‘(L) 52 (C3) + - oo mute 
B + 1-1 0 (0) 39 (15) - + mut? + 
C - 1-7 41 (4) 66 (0) cr ~ 2 mute 
D + 1-1 0 (0) Sr £0) - + mut? + 
5A ~ 1-7 WG) 22, 0) - - mut7 + 
B - eyes, 68 (6) elec) + - fr MUL: 
(S. + 1-1] 1 (0) AAAS 2 2c + - + mute 
D t 1-1 4 (0) 42 (0) - + mut7 + 
6A = 1-1 2a Oy) 52. Gi) - * mut7/ + 
B - 1-7 48° (23) 56 C2) ~ mute 
C + 1-1 OCs 7 (0) : + + + 
7A + 1-1 0 (0) Lie Os + + + + 
B 1-7 60 (20) AopGl 5) oT - - mute 
ie # 1-1 O00} 5510} - + mut/ ~ 
8A - 1-7 260 Cl) 15 (09 - + mut7 + 
B - 1-7 66 (4) 56 (9) + iS +  mutd 
G + 1-1 2603) SZ: ele) vs - + mute 
9A + 1-1 0 (0) 30 (0) - + mut7 + 
B - 1-7 Sle 66 (0) + a + muto 
& 1-1 ON 597 (is) - + mut7 + 
1OA 1-7 32 (80) 66 (5) + - + muteo 
B * 1-1 0 (0) 5572000) = ~ mut7 ~ 
G + 1-1 0 (0) 1532609 + ~ ~ - 
11A oy 1-1 0-00) 8 (0) + " - 2 
B : Ley 47 (6) 56 (24) + +  mutd 
12A 1-1 Ae 03) A0mCZ ) = + mut7 + 
B 1-1 13) 12760) . + + + 
C - 1-7 83 (4) Ti 9) + - + muto 
13A - 1-1 0°00 8 (0) + + + + 
B 1-7 5/73 - (340) eel 4) * ~ s + mute 
€ + 1-1 OnC0}) Sai) - + mut7 + 


(cont'd) 
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(cont'd) 
Segregating Prototrophs arising Survival 
Strain alleles at on limiting at after 
RO85-_  homS hisl histidine lysine Fone vay 
14A - 1-7 S16 Sab. dk) + - 
B + 1-1 2 (0) 52 Joh (0 - i 
G - 1-1 0760) S509 ~ + 
D - 1-7 parte Ly S57 02) a - 
15A - 1-7 LOO MELAS yA." 547} x - 
B 1-7 ASCO) 14 (0) ap 
C + 1-1] LECOD Sl) - : 
16A + 1-1 209 14; (0) + + 
17A 2 1-1 0; (0) 78 (0) + - 
B - 1-7 56 (56) Tomas + 
C + 1-1 2c) ae se) : i 
D ~ 1-7 44 (3) 39 (0) - + 


Designated 
Mutator(s) 
+ mute 
mut/ + 
mut7 + 
+ MUtS 
+ mute 
+ + 
mut/ + 
+ + 
+ mute 
+ muto 
mut? + 
mut/ + 


nr ee 


* Numbers of prototrophs existing prior to growth on limiting 


medium are parenthesized. 


** 'Jackpot' (In these cases unparenthesized numbers include pre- 


existing prototrophs 
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TABLE 93: Phenotypes of spores recovered from cross Ro10s (= —) 
Segregating Prototrophs arising** Growth 
Strain alleles at on limiting after Designated 
RO105- homs hts histidine lysine Y mutator(s) 
1A = 1-7 LOR tA (0D 13> 14. (0) + + + 
B - 1-7 1540155 (55) 20516 (0) + muts $ 
G + 1-1 257) 360) 634574100) - muté8 mute 
D + 1-1 Sel C0) 12,6546) - + muts 
oA - 1-7 WISE 3S (AZ) 69 5167 S(0) - mut8 muto 
B + {= O50." (0) 13595 aeO}) + + + 
C - 1-7 1535 54 (lid) 21516 460) + mut8 + 
D + eal Sean!) 4865 ( 47) - + muto 
3A - 1-7 2525244 (188) * 137147 (0) + mut8 + 
B 1-7 GAR ibe (Gb) 61,6800) - + mutd 
€ 1-1 10 = 0) 66,60 (0) - + muto 
D + 1-1 Z Orn Oe) Aveo iO) + muts = 
4A - 1-7 LOU OO Gl) ZAwZ2 (0) + mut 8 4 
B + heel Some wUU) 4S ,Glan0) - mute 
5A a7 47 TO" (1) 79,64 (1) : + muts 
B a 1-1 Ari ar GO) HS), ean (eis) + mut8 “ 
G + 1 a AY Seat (00) 61,69 (0) - mut8 mutd 
D - 1-7 LORS ato) LO’, 65 CO) + fh E 
6A + Lea 2);4° (0) LO% AO CO.) - mut8 mutd 
B + 1a! 2 2a) 11,56 SELL) - + muts 
G - 1-7 Oo FIAt TO) OF P25) + + + 
D - 1-7 120,140(14) L8,, 14. (0) + muté8 + 
7A + bet OF Tae CO) 68% 915760) - + mutod 
B + feet 15 te 360) 69,65 (0) - + mute 
G - 1-7 10359 723(59)) Leyte 2609 + mut8 “ 
D - a7 186,189(4) 1819960) + muts + 
8A = ikea 1 yan 0?) L637: 1609 + a + 
B = 1-7 52147 Ce) TAN dele) + mut8 4 
G + ital Tig (0;) 60567 1119) - + muts 
D + vesah 54 ee) FIO S29) - mut8 mutd 
9A + ix OF CO0 56,72 610) - + muto 
B + ent Tete) 69,62 (3) - + mutd 
GE - eu LOZ 7137042) PS Or G0) + muté + 
10A - 1-1 PARI EO) 67566 (0) - + mutd 
B ‘ 1-1 SECO!) 13,16. (0) + mut8 ~ 
C - 1-7 1657 C00) 2073S ACO) + 1 of: 
D - Les, 180,155(48) ow eC0) - mut8 mutd 


+ 
+ 


Numbers of prototrophs existing prior to growth on 
limiting medium are parenthesized. 

* ‘jackpot! (In these cases unparenthesized numbers 
include pre-existing prototrophs. ) 
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Sumnary of haploid Lassie scores from crosses RO85 and RO105 


hisl-7 i: Mutator(s) 

reversion MUT nite rat? mute mut nuts 

Mean LEO 60 4] 143 163 

Suge 1.0 3.4 S 7 7 11 

lysi-1 

reversion 

Mean LA 64 38 £655 67 
158 ee 225 Oey {3 


Ds 


unreverted cells per Lassie test plate 


lysine, Cells/ eM) Histidine 

his Las $308 uu Wy eae Lassie 

Mutator strain allele score’ x 107% x 10"  score* 
muts CGC sec emake 84 14g, BE 4 68 
aliens 54 935°") 24 1 
mut eal eae Gs 16) (ee ss Bio 180 
SEPM 17 fe anio4 yi 5 
ZAP (2) 1S7 Bal 3 

muto, 

mut ORE wale ey: 88 159s 923 156 
ences fy at asco) Mbissoepl ins 3 
MUTT LO Sea Ue tee) 16 (1) “138 Se: 28 
SO aes OG2) maa 2.6 1 


* Average of two determinations 
§ Average of four determinations 


Mutation rates (M) of strains from cross. RO105 in terms of 


Cells/ 4M 


plug 1 Geet 

xg OG X10 
928 31 
1318 Ors 
154 49 
135 13s 
VST 0.9 
ba 59 
1268 1.0 
180 Gao 
155 Oe 


Numbers in parentheses are numbers of red (lysine locus) revertants 
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TABLE 95: Phenotypes of spores from Cross Romo ee epee —>) 


+ mut& mu 


Segregating Prototrophs*arising** Survival 
Strain alleles at on limiting at, after Designated 
RO112- hom hisl «histidine lysine Sou. vi. mutatom(s) 
1A All are 15 VIUZ8(1S8) 282-10Siaue + 2 Puloe Lo 
B hom3-10, 5A5 SB A73 5) | dare) 7 ae 
Cc htsi=7~ “1077120 (107) “145200 + + + 8 + 
D 643,425(268) 58,66 (2) - + (a Os Fy 
2A 140,140 (1 15)67. 6a Caz ae - + 8 § 
B 611,656(432) 93,83 (14) - + cite 
C I97, 178 (214) talon + a + 8 + 
D 3 7304779 (31)\\) S9NSS uci ho L 7G ES 
3A 389 ,414(41) 538 ou (2) - - BA EROS) 
B 1623150101592) * AZo OGKes) - + ae ign 
G 109394" (207). 99°.95 (0) + 18 6 
D 63,99 °Cl07) F25ez4ae ec) + 8 + 
4A 160,182( 109). 1240-75 (3a) + 3 a 
B 598 595(641), 129, 10711) = + ra a 
ev 59-465) 33,31. (6); + ea 
p? 716,575¢39), AVaSoe lye. = + 20h ge 
5A 297. 325425) So eee an 3 7 WG, 
B 143,96 (231)0 Fsetucs) + - aes) 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

*, 'Jackpot' (In these cases unparenthesizedynumbers include. pre- 
existing prototrophs. ) 

0 These spores failed to grow when replica-plated to YG medium. 
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TABLE 96; Phenotypes of spores recovered fromcross RO113 
(mut? mut mut8 muts homs hts1-7 lys1 ade2 tr ae iy 


PWR Ay, HOES ite i ae. Gate fae ) 
Prototrophs 
and Sange. Survival 
Strain Segregating alleles at: on limiting at. after Designated 
ROL13- lysl hom ade? argé trps _histidine 36 C y _ mutator(s) 
1A - + f + ts 1S; 12. yGly) - - (hao 
B Fe he - = = SO Ave tal 2) + + + 8 + 
C - = + = - 1362.25 (515) - + Vi + 
Dt 
2A - f - + - 94,89 (97) + - Fe PO to 
B - - ee - 22s, dale C0) - - ie ey ® 
G + - - + SA Sua eoe) - + 7 + + 
D + + + + 119, 109° "(29) + + + 8 + 
3A _ + + + : 535 58> (L4.0,) - + (ee Gan i 
B - - < ~ + Dae) + ~ et ine) 
G + - - - - Filo, RUE) - + ot + 
Dt 
4A - + - + - 5 oe SS a (85:) - + 1. Gy + 
B - - + + - 18,29) (39) - + 7 + + 
SA - - - - - 16 70Se (0) - - 7 5) 
B - 2 of + + 26,21 *\ GO) - - A #5 
C + - - + + 68,84 (G16) # # aon 
D + + - - - 52,45: 408) - + + 8 + 
6A + + - + + AG), 46 RG) + - + + 6 
B - - - + + 537,539(120) +/- 1 anes: | oe 
+ + + - - eer, (re + + 8 + 
7A - + + - - 13) 4l 9s 168) + + + + + 
B + - - - + 31,49 (60) + = + 8 + 
8A - ~ + + + Goi DP Sls) + + + 8 + 
B - - - + - 2Oe LOM 225) - + 7 + + 
C + - + - - Titec lel eae) + - Kio Ss 
9A + + + + + TSP 64 eS) + + + 8 + 
B a + + = - 718,642 (69) - + (an 
C + - = 2 = 28 rO: 60) = - + + 6 
D - - - + & ESv24) ONew) - - La a) 
10A - - - ~ - 12s see CU) + + Titan Teh er 
B - + “ “ s T2valioe) Gi) - + 7 + + 
C + + + + a Su tt Or ed) + = POS 
D + 2 + . + 452 55 15020) - - i 8) — 8 
11A° = x ce mE + TL, 6 (0) : = Ca ee 
B + + + + “4 80,68 — (2) + + + 8 + 
C + + + = + S4r 5 ab) - + 7 + + 
D + if a + s LO 131 9) ‘s - + 8 6 
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TABLE 96: 


Strakn 


12A 


Segregating alleles at: 
RO113- lyst homs ade2 arg4 trpd 


+ +4 


+ +1 


(continued) 
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ar 
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Sa 


Se 


oe 


am 
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te 


+ I 


+ + 1 


Prototrophs 


arising** 
on limiting 


histidine 


80,92 (1) 
rie ee 
hakeeee 
290, 296 (34) 


45,69 (94) 
53,44 (4) 
10,13 (23 
376, 350(39) 


Bio (2) 
76,116(105) 
657,622(81) 


93, 109(11) 
18,13 (3) 


30,18 (1) 
22722613) 
109, 130(69) 

Be 27 1) 


661,593(238) 


337,319(149) 
94) 81% (13) 


37,40 (34) 
3,4 (0) 


TAS. (OQ) 
f508.(3) 
96, 102(47) 


Poh ac2) 
170,153(33) 
241,177(8) 
35.5510" 


329 ,280(95) 
15,6 (2) 
100,83 (4) 
29 70) 


245 5e0(2) 
15324 “C00 


Slo 589Gb) 


114,121(86) 


57,65 (98) 
RSIS) 
18,13 (0) 


Survival 
after Designated 
mutator (s) 
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TABLE 96: 


Strain Segregating alleles at: 
RO113- Zlysi hom3 ade2 arg4 trps 


25A + 
B + 
C a 
26A “= 
B 
C 


+ 
+ 
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(continued ) 


+ 


+ 
ea 


+ 


+ 


ae 


Prototrophs 
arising * 
on limiting 


histidine 


26,32 (28) 
590, 763(71) 
119,120(4) 


32,30 (0) 
693,562(180) 
7.0 (19) 
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Survival 

at. after Designated 

36 y_ mutator(s) 
+ « + + 5) 
A Le Vile WF 
& a + 8 Ps) 
+ es + + fs) 
= + (meets te 
+ + Fa ee +t 


a a 


** 


+O 


Numbers of prototrophs arising prior to growth on limiting medium 
are parenthesized. 

'Jackpot' (In these cases unparenthesized numbers include pre- 
existing prototrophs. ) 

These spores failed to grow when replica-plated to YG medium. 
Semi-lethal, 'pinpoint' spore colonies were observed but were 
untransferable. 
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TABLE 97: Phenotypes of spores recovered from cross RO118 
Ce muts me 
+ a + 


Segregating Prototrophs arising** Survival 
Strain alleles at on limiting at) after Designated 
RO118- hom3 hisi histidine lysine Sor Gry mutator (s) 
1A - 1-7 eC )) Boma o iO) - - ah Sg oe) 
B + peal Ae Sei 160.) 7 ba C0) - - PF (Oar iO) 
C + 1-1 OFOF (0) Ons, (0) + = t+ + + 
D - 1-7 219.5245 (13) 26,08. (0) + + + 8 + 
2At = 1-7 294, 256(6) Lorde (0) 4 + Ans ee 
B + 1-1 OPT aC0) 25.49) (0°) - + 7 + + 
C 1-7 151 ,1796¢10) So 9) (2) + - + 8 56 
D 1-1 Oe Oo 68,68 (2) + - + + § 
3A - 1-7 19, 4500) 40,26 (0) + - + + 6 
B + 1-1 00" gh0) Sean (Oy) - + 7 + + 
Cr - 1-7 416,370(10) Cra C0)) - LS 
D + 1-1 453) 6G) Lowe CO) + + 8 + 
4A 1-7 123 13"-415) 141960) + + + 8 + 
B + 1-1 $56 geil) 85,104(0) + - eno ees} 
Cc + 1-1 Oss Tig el) 21,165:60) - + 7 + + 
SA = 1-7 15151151028) 79,65 .(5) + - + mye 5 
B® + ites Ov OP con Bea Oya 4 oa 
c = Lo, £076" 22) 135200 (0!) - + 7 + + 
D ~ 1-1 Ge 5 anen) CA VECY) + - S Se hyo Same) 
6A + 1-1 Oe. Kar 26325 31.0) + - - + 8 
B - 1-1 1 Osmo) 25,182 (09 - + 7 + + 
7A + fe LO 22-5 008) CTE 7Om(2) = + FS ae 
B = 1-7 Ty 4P (ON) T4nd2" (0) + + + + + 
C - 1-7 55454 4 57a Se 1G0)) + - + + 56 
D + ies il 2 OO) Ae oO) - - 7 OOS 
8A = 1-7 512949) ZORLS M25 )), -= + 7 + + 
9A + 1-1 1, OA Ces Zant S (0) = + 7 + + 
B + fend. 244, TSF) O27. 1061) = + 7 8 + 
c - 1-7 116;,66:°63) 58329 7(5) * - + 8 6 


** Numbers of prototrophs existing prior to growth on limiting medium 
are parenthesized. 
Spores areqde*’ or show high adenine reversion on replica plates. 
o This spore failed to grow when replica-plated to YG medium. 
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TABLE 98a: Summary of haploid Lassie test scores from cross RO112 


hts1-7 Mutator(s) 

reversion muté mut/7mutés mutomutés muteomut/7muts 
Mean 1s 594 122 453 

SE Zt 32 12 68 
lys1-1 

reversion 

Mean 19 89 79 44 

S.E 2uu 8.5 8 On2 


b: Summary of haploid Lassie test scores from cross RO113 


hts1-7 Mutator(s) mute, 
reversion MUT* mut? mut mutes mut8mutd mutlmuts mut7muts mut7muts 
Mean EEG." 19 a8 SG i 102 L738 567 285 
SE. Lo pare | 6 3 5 1 46 26 24 


a a ee ee ee ee eee eee eee 


c: Summary of haploid Lassie test scores from cross RO118 


hts1-7 Mutator(s) mute, 
reversion MUT™ mut? mut8 muts mut8mutd mut7mutsd mut7mts mut7mts 
Mean ayes) 19 179 43 130 Be 275 393 
SoBe PS SOK oer OL 9 7 1* 19* 23* 
lysi1-1 

reversion 

Mean PASSVeTlGke uLs 42 DS 30 62 7 
Sree. al £36 2 624 8.6 4% 16 2a 


* Only one spore clone (two determinations) tested. 


d: Mutation rates of strains from crosses RO113 and RO118 in 
terms of (unreverted) 


Lysine Cells/ My : Histidine Cells/ ee 

RO Lassie plug* ss i hts1 Lassie plug? 3 

Mutator Sipalm Scores scald x10" allele score* x 10 x10 
mut7 118-2B 18 1188 6.4 1-1 0 98 0.4 

mut/mut8 118-2A 31 1018 1229 1-7 424 Sat 118 

mutrmuts  LIS-1A  °32 1018 Poa 1-7 55 64 23 
PPS-1A. 29 678 18 1-7 10 59§ Seal 

mut7mut8, 118-3C 48(s)' 1188 17 1-7 S77 97 162 
mute -1B 25 778 14 1-1 7 44 6.7 
-7D 20 84 Lt 1-1 1 45 0.9 


+ Numbers of locus revertants are in parentheses. 
* Two determinations per strain. § Four determinations per strain 
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TABLE 99: 
RO his1 
Mutator strain allele 
Mur 40010@, Miley 
42860712 7 
107-56 oil 
A28-6RT 11 uN} 
mut? 428-6C 1-7 
-~6B eal 
muté LOSE 1-7 
mut &rut9 89-6C My 
mt 8muts TQS A 1-7 
rut emut omut 7 B \ 
write ec us 
MUCOMUL? D sa 
mut orto ~-2A 1-7 
mut OomubZ B uH 
nuts G Uy 
mucémut omut7 D Ul 
mut? tere: 
wub&— amit 9 te egg 1-7 
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Lysine Cells/ \M, 
Lassie plug “Y 
Beare WK LOTT ox 16" 
Ol) 128* 229 
Ly. 695 7 2.0 
PC) 17 2* 4.1 
19 379 + 4.2 
PG tise) Bd 
AOmO 134" 42 
38 247 J1 
AA (Se 1855 14 
42 294*+ 12 
3d 470*+ Dae 
ie 403 + 15 
103 PRN 3 48 
14 186 + 6.3 
14 PoE ag 4.7 
53 oT 14 
67 209 | 19 
93 5o2 4 22 
14 424 + anF 
57 254.1 19 
59 Zion Ty nS 
19 2514 6.3 
24 PAPA 8 2 


a determinations 


inthe calculativin: of! 
** Number of locus revertants are given in parentheses, 
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sults in a plate/plug ratio of 60.2 instead of 
-4 (see also Materials and Methods) bein? used 
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Mutation rates of various strains (M) in terms of (unreverted) 
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Phenotypes of spores recovered from a cross of mut5 to 
mut7-1, sporulated and germinated at 20°C. 


Segregating Growth 
alleles at at) g2iter Designated 
arg4  homés 36°C. | ey mutator(s) 
>; a + r + muto 
- - : re + + 
- = 1p - + muto 
+ + + + + + 
+ + + + + 
e + + + + + 
rs + mut/ + 
+ - + $f + 
= cS + = + muto 
- + + + muto 
* = = - Ae 
: * = + muto 
- - > = + mute 
+ + - - 
< + + muto 
= = $ zt UC? 
- + - + muto 
- ” m3 - mut? + 
ss + + + + 
- it mut? + 
- + + - + mute 
: + + + 
- a = - mut? 
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TABLE 101: Phenotypes of spores recovered from across of mt5 to 
mut7-1-11, a revertant of mut7-1, sporulated and 
germinated at 20°C. 


Segregating Growth 
Strain alleles at at, after Designated 
RO520- arg4  hom3 56.0), aay, mutator 
1A - i + 4 
B + + + + + 
G + = - ~ mute 
D - - - - mute 
2A + = + = mute 
B ~ - - mute 
C + + + + + 
D - + + f- 
3A + + + + + 
B : a mutes 
C - + s + 
D + = + = mute 
4A - - ng = mute 
B 23 “6 = mutes 
C - + <3 
SA ae - + - mute 
B ~ me se + 
C + + mutes 
D = + + + + 
6A + + + + 
B = + + + + 
C - + = mute 
D - + = mute 
7A + + - + 
B + - + + 4+ 
C ds + + = mute 
8A + - == ~ mute 
B + + 4 - muto 
e - = + + f- 
D = + + + + 
9A 1 5 UE 
B Eee - mute 
G + - 
10A + = mute 
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TABLE 102: Phenotypes of spores recovered from a cross of mut5 to 
mut/7-1, sporulated and germinated at 26°C 


Segregating Growth 
Strain alleles at at. after Designated 
RO521- arg4 homs Son Gr way mutator 
1A + = x - + muto 
B “3 + = + mut? + 
C = + + cs # + 
2A - = + zt - a 
B + + + + - +f 
3A - = + + + Ir 
B - + - + mut? + 
C + + + - + muto 
4A - a + + muto 
B - - + mut? + 
G ‘ + + - + 
SA - - + muto 
B + By # te 
6A + + * = + muto 
B j MLD 7 ear 
C + = i 1s + 
7A - - i: mut? “+ 
B a3 - * - + muto 
8A + + + + # + 
B - - + + + + 
OA + + + $ aa 
B a: + + oe ae of 
10A - - + - + muto 
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TABLE 103: Phenotypes of spores recovered from a cross of mut5 to 
mut7-1-11, a revertant of mut7-1, sporulated and 
germinated at 26°C 


Segregating Growth 
Strain alleles at at after Designated 
RO522- arg4 hom3 36°C mutator 
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TABLE 104: Phenotypes of spores recovered from a cross of mutéd to 


mut7-1, sporulated at 20°C and germinated at 26°C 


Segregating Growth 
Strain alleles at at. after Designated 
RO523- arg4  homés SOSGr ny mutator 
1A : = + = ic dena itonen 
B + + = # mut 7 7 
e - + + + + 
2A + * + tp te 
B - + mut7 = 
@ - - + ~ Tats 
3A - + + mut 7 is 
B ~ - Le mut 
G + + = + mut 7 SP 
4A + + + + q- us 
B By + + + oT Sha 
SA + + is muts 
B - - t: mut/ a 
6A + + - a mut7 of 
B ~ + - a7 muts 
© ad Bt a So + 
7A - Pe xe + + “f 
B - + - Wy muto 
8A i + + mut 7 i 
B ~ 3 OP eruLS 
C; a4 = + + + 
9A + + + mut 7 a 
B cist aA + + + + 
C . x + * P muté 
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TABLE 105: Phenotypes of spores recovered from a cross of mutd to 
mut7-1-11, a revertant of mut7-1, sporulated at 20°C and 
germinated at 26°C 


Segregating Growth 
Strain alleles at ace after Designated 
ROS24- arg homs Soe) | _untator 
1A + - + = muto 
B - Z muteo 
G + + + + a 
D - + + + + 
2A - + ue + 
B + + + a 
6 + + + - mute 
3A + “ + a 
B - + + mute 
(Gs + + + + aa 
4A + + + + + 
B ~ - + mute 
C - + + + so 
D oH - + . mut o 
SA + + + + + 
B ~ + 2 mute 
C - i mutes 
D = ne 1s 
6A + » ‘2 = mut o 
B - + + - 
G - + * - + 
D - = + - mutes 
7A - + + + 7 
B = + 4 muto 
G + a f 
8A - + + + - 
B a - + - mute 
c fe = + - mute 
D = + Go 
9A - = ni cn 
B = + + + ae 
GC + = - mute 
D = + > - mute 
10A s - + = mute 
B + + muto 
{c = + + + + 
D - + + + aa 


ry 
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TABLE 106: Phenotypes of spores recovered from a cross of MUL 5 
mut7-1, sporulated at 26°C and germinated at 20°C 


Segregating Growth 
Strain alleles at at. after Designated 
ROS25- arg4  homs BOwG: ony mutator 
1A - 7F + We he 
B - - + + + + 
2A a * ue 1 fe + 
B oF - - + muto 
C i ~ - a mut? + 
3A + a "3 = + muto 
B + - = nF Mut? » + 
C = + + ca i 
4A - - - + mut? + 
B - ot # + te + 
G a) - E - + muto 
oA - i 1 A ze + 
B F + Bs = + - 
6A = - + Vy - Ue 
B + - a - + mutsd 
7A + cf + + + + 
8A an + = = + muto 
B = = + = + muto 
9A st: Z + muto 
B - = + + + 
e = = eS - mut? + 
10A + Gs i = + + 
B - = MUG, Wor 
C = + - + mute 
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TABLE 107: Phenotypes of spores recovered from a cross of muté to 
mut7-1-11, a revertant of mut7-1, sporulated at 26°C and 
: fo) 
germinated at 20°C. 


Segregating Growth 
Strain alleles at at. after Designated 
RO526- arg4 homs 356, G" a2y. mutator 
1A - - + + + 
B - + + - mute 
GS - + + + + 
D = - + - muto 
2A - + - + ue 
B - - + = mutes 
6 + + + + + 
3A = = 7 = mut o 
B + + + + + 
@ = + + + + 
D + - + - mute 
4A + - + = mut o 
B - + + + + 
C - + + + 
D - # + = mut o 
SA - + a + + 
B - = = mute 
6A + + + + + 
B = - - - muto 
C - = i nF ue 
7A + - a muto 
B - + + ct + 
C + + + + qF 
D - - + - mute 
8A - - = - mute 
B + + + + + 
G - + + + ofa 
D + = + - mute 
OA _ - + = mute 
B a 3 + - mute 
G + + + aa 
D - + + + 
10A - + + + ue 
B - = + - mute 
c + mute 
D + + + nF 
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A summary of meiotic recombination between hom3-10 and 
muteo-1 in crosses heterozygous for mut5-1 


Strain 


RO65 
RO520 
RO522 
RO524 
RO526 


RO105 


RO85 

RO504 
RO519 
RO521 
RO523 
RO525 


RO85 


RO113 
RO118 


RO520 
DZ2 
524 
526 


RO519 
opel 
523 
523 


PD 


Oy Ur & GQ —- 


24 


Vo Mm GQ & UW 


18 


24 


Germinated 


at 


26°C 


20°C 
26°C 
20°C 
26°C 


20°C 


Comments 


contain the mut7-1-11 
revertant allele 


Rea 0 023 


R = 0.36 
Germinated two weeks 


after sporulation was 
begun 


Ro =10.30 


contain the nmut7-1-11 
revertant allele 
Ris 0223 


R = 0.44 
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muto spores from the cross involving both mutators). 

To examine further the possibility that mut? was conferring enhanced 
recombination in strains also heterozygous for mute, recombination 
between Zom3 and mutS was monitored in the above crosses. While 
there were no differences noted in recombination for different 
temperature within either the mut7-1/mut5-1 or the mut7-1-11/mt5-1 
Category, the total recombination for the first cross was 0.23 and for 
the latter cross was 0.44. The difference was Significant (x? = 5.34, 
P < 0.05, corrected for continuity, for non-recombinant vs recombinant 
tetrads; NPD = two recombination events) between the two crosses. It 
would appear that the presence of mut7 has resulted in a doubling of 
the map distance between hom3 and mutS. This poses a question with 
respect to cross RO113 (Table 96): is mut7 alone responsible for a 
generalized decrease in linkage between mutS and hom3? The linkage 
data from all crosses of mut5 for hom3 - mut5 meiotic recombination 
are summarized in Table 108. Those crosses also heterozygous for 
mut? are usually enhanced for recombination, except in those cases 
where tetrads were dissected within four days of placing the diploids 
On sporulation medium (crosses RO85 and 504; tetrads from cross R085 
dissected two weeks after the first dissections (Table 92) had 


increased numbers of tetratype tetrads). 


f. mut6é (Tables 109-114) 
Strains bearing mut6 have no sensitivities to any mutagenic 
agents tested to date. The alleleis considered to be variably 


dominant for the expression of enhanced lysi1-1 (suppressor) reversion. 
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Locus revertants of lysi-1 are not enhanced in mut6 strains. Lassie 
scores are about four times higher than MUT™ in mut6 haploids, for 
both dysi1-1 suppressor and htsi1-7 revertants. 

In my hands, the presence of mut6 was correlated with enhanced 
petite production (see Appendix, Table Al). Normally, petite strains 
have enhanced hts1-7 reversion (Flury, von Borstel and Williamson, 1976). 
This was not the case for muté haploid petites (Table Al). Stringent 
selection against p clones or clones with petite’ sectors resulted 
in a reduction in the variability of mut6-mediated dominance. This 
selection was accomplished by YG-replica plating of strains, or only 
picking bright red clones from YD medium, prior to a Lassie test. 

In crosses with mut? and mut& the segregation of the muté 
locus was detected by the presence of non-ts spore clones with 
enhanced suppressor mutations (where red locus revertants could be 
discerned). In agreement with Quah (unpublished data), detectable 
lys1-1 locus revertant clones were not observed to be enhanced in 
frequency over that observed for MUT™ strains on Lassie tests 
(Hables tkh3uand™114) . 

There appears to be no linkage between mut7 and mut6 (2P:19T:1N; 
Tables 109 and 110) or between mut8 and mut6 (4P:12T:2N; Tables 111 and 
112). The enhanced numbers of revertants seen on limiting histidine 
in MUT™ strains on the first page of Table 112 are due to fluctuations 
in the medium and not to mutator activity, as may be seen from 
the second page of the Table. The mut6 allele does not confer 


enhanced reversion frequency at the allele hisi1-1. 
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Segregating mut7 mut6 strains were indistinguishable from 
mut/ strains or mut6 strains for both htsi-7 and lysi-1 reversion 
frequencies (Tables 109 and 110). It is likely that the double mutant 
may be distinguished by the reduction in Zysi-1 locus revertants 
compared to strains Beara only mut? (Table 113). This phenotype, 
together with the mut/7-conferred ts phenotype was observed in the 
mut/ mut6 spore clone RO86-7A (Tables 113 and 114), which segregated 
in a non-parental ditype (NPD) tetrad (2 mut: 2 MUT™ with regard to 
mutator activity). 

This apparent epistasis of mut6 is seen again in the data shown 
in Table 114, for lysine prototrophs. Rates were not calculated for 
hits1-7 reversion in the double mutant due to the failure to isolate 
an easily confirmable mut7 mut6 htsi-7 strain in an NPD tetrad. 
Complementation tests were not performed for suspect double mutants 
from crosses RO85 and ROS06 because of the ambiguity posed by muté 
dominance. 

Several segregants from mut8/+, +/mut6 heterozygotes had high 
hts1-7 reversion frequencies reminiscent of mut7 mut8 strains 
(Tables 111 and 112). Subsequent complementation tests of these 
(Ats1-7) mutators with htis1-7, mut& testers confirmed that these 
were mut8& mut6 double mutants. Furthermore, the non-complementing 
diploids (see Appendix, Table A2) had extremely high reversion rates 
for his1-7/his1-7 relative to mut8/mut& diploid controls tested 
simultaneously. Hence, mut6é may be dominant, not for the spontaneous 
mutations occurring in MUT™ strains, but for those expressed in 


NuUtewStxrains. 
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TABLE 109: Phenotypes of syores recovered from cross R086 a ee 
Segregating Prototrophs arising** Growth 
Strain alleles at on limiting at Designated 
RO86- homs. #héiel histidine lysine 36CC mutators 
1A - 1-7 41 5 (0) 59100) = mut 7 
B - 1-7 66 (0) 60 (0) + + ‘mute 
2A) + 11 + + 
B - 1-7 83 (4) 60" 460) z + muté 
4A - 1-7 52) (4) SUP EC ) - mut? 
B + 1-1 0. ae) 52 210) + + muté 
SA + ies ERT) 48 (0) i mut? 
B - 1-7 57 2) 55° F500) = mut 7 
6A : 1-1 0 (0) 54 (0) ce raed, 
B - 1-7 So Ls) 55) e0)) - mut7 
7A 3 cal 0 (0) 33 (0) : mut7 muté 
B - 1-7 a ha (edh) £6 x (0) + a x 
C - 1-7 SCL) 15) oCL) + a yi 
D + TF: Om (0) 27, S(O) " mut? muté 
ga? + kal 0 (0) 59 (0) + bi aes 
B a 1-1 1 (0) 6 (0) + at a 
C - 1-7 40 (3) 34 (0) = mut 7 
9A + 1-7? or )) 19. C0) + vl ay 
B - 1-7 44 (2) 59. 1 €0) = mut 7 
10A° ¥ ; 
B - 1-7 5 CL) 12: #0) + is fe 
110° A 
12A° 4 p 
B - 1-7 42 (4) 56m (0) ~ mut? 
13A + 1-1 C(O) S67 (0) = mut 7 
B - 1-7 Som (615) Asie (1) e mut 7 
14A ~ 1-7 34 (0) 43 (0) * + muté 
B 1-1 Oe "C0)) 14 (0) + a # 
15A - 1-7 AS "(2) 42 (0) : mut 7 
B - 1-7 Li ECO) 7 (09 + ep 2 
16A - 1-7 40 (2) ia Ee) - + muté 
Bo + Tat 0 (0) ee 8D) + muté 
G 1-7 245 Cy) 52) (0) - WHEE Tak OEE 
D “ 1-1 0 (0) 5200) - mut? + 
17A 1-7 Sal) Severus = mut? 
B a te) en (9) Ae tO) - mut 7 
19A + 1-1 PG) di) : mut? 
B - 1-1 Oxy 260) 47 (0) = mut?7 
es : ey 30 (0) 40 (1) + + muté 
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TABLE 109: (continued) 


Segregating Prototrophs arising** Growth 
Strain alleles at on limiting at Designated 
RO86- hom3 htsi histidine lysine 36°C mutator 
21A - 1-7 PANE 253) 43° (0) - mut 7 
B + 1-1 ue :) 13% (0) + + + 
CG 1-1 OF On 662 70) + + muté 
22A ~ 1-1 0. -€6) Teo 30s) + of 4 
B - 1-7 Sea uel Zo (0) - mut 7 
23A 1-7 18%, 10) $2560) + + muté 
B + 1-1 8.) 5603 Soe OD .° + mute 
24A + 1-1 be EL * 400 CED ~ mut7 
B - 1-7 8 (0) 119 (0) = + + 
og : tay 20 (0) 312 (0) - + 
26A° + Lert 0 (0) 82 0} + + muté 
B + 1-1 On. (0}) Zou HO) + + 
€ - 1-7 21g 50> (0) - mut? 
D . 1-7 . Go (2) AQ’ §60) - mut 7 
27A + 1-1 OF E00) dee (60) + ” i 
BP S 127 D7 AO) Die (0) + + 
28A + 1-1 aie G8))) ADEA (0s) - mut/ 
B - 1-7 5/7) CO) 54) (0) - mut 7 
31A - 1-7 2 Ala) 44. °(0) - mut7 
B - 1-7 SA CA) ATCO) - mut 7 
32A - 1-7 Sas -(0)) LOR CO} + ¥ ft 
BP + fo ee” 5/100) + # 
c + 1-1 0 (Q) 294 C0:) ~ mut7 
D . 1-7 POE AM EI 297 (0) - mut 7 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

* ‘'Jackpot' (In these cases unparenthesized numbers include 
pre-existing prototrophs. 

op Spores failed to grow when replica-plated to YG medium. 
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TABLE 110: Phenotypes of spores recovered from cross R0506( Hee 
Segregating Prototrophs arising** Growth 
Strain alleles at on limiting at Designated 
ROS06- homS hisil histidine lysine 36°C mutator (s) 
1A E Rae) 22GNes (1) 52243 560) é mut? 
B + ey, Oi) 760)85) 18 40 1612) P mut? 
€ 2 37 PMG 2)) 1457 660) + Nee 
D + {1 Omid (CO) 42953 801) 5 + muté 
2A ss Ga 264s (038). 44 583 861) + + muté 
B 2 ts) Was O)) 18,13 ,8(0) " ee Vee 
e + Lead OOO he, 43.34 \60) a mut? 
D if ii WoW Oy. 28.52.10) e mut? 
3A + et Groat) 41 [52 .001) . mut? 
B + a OSPmr (Gy 29139°.00) e mut? 
C = + AT 39 460) + + muté 
D sh 09 Pelee Sea alee 17 GL7 46.0) + ee te 
4A - ies 28 foc) (ila 39882. 80) mut? 
B = 1-1 O70 6" (Op SL ya? G0) - mut? 
C us Unf .*  LOURT omeOnaen 1S ch” a0) + ee Ls 
D + ted G,, beac etek S aod uG0) + + muté 
SA + peat OO wi Ones 1B ais (0) + oN es 
B 2 Ve 2ans Sal Sie Aero) é mut? 
C c Toy) °°) A554 ye Gomera ON + + muté 
D + 1 0,25) (Oa. 3 2 ah 860) s mut? 
6A + ia 0.6 Le (On 8,11 (0) i a oe 
B a ibs Ot Om ae) x mut? 
C : fege © 39853 5( 2m Gets O10) mut? 
D + et 17,37) (LY 47207000) + + muté 
7A F ei GLO OO 452} . ae 
B 1-7 1350 (4) 1/260) + a ae 
C + bea Oda (Oo ese adero) 2 mut? 
D 2 Tr  "S8es4ee (ye 40250000) 2 mut? 
8A + rei: Torn). 55. 514) mut? 
B : Wat DAR ARS) 325524.(0) c mut? 
C a GG SSA hae a Ansar) ) + + muté 
D + et Weta (OVF 16,4711) + Bae ok 
9A ee Mee Ou (ONe W472. 458 C0) : mut? 
B 4 Wem 2AMAG HD) (4252810) + + muté 
C E Poh 92 MOS CLF 4234000) = mut? 

D + 11 Gv. SO) 13,1450) + ae 
10A 17 AIO Oye 460246 10) + + muté6 
B + tt OOM (Oyen 15/ats tO) + aes 
C + 1-1 Aye (Os S46 5530 (0) = mut/ 
D - 1-7 169545 (CO) 2846860) = mut 7 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. t data from another experiment. 
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TABLE 111: Phenotypes of spores recovered from cross Ro106 ES + 
Segregating Prototrophs arising** 

Strain alleles at on limiting Designated 
RO106- homS hisl histidine lysine mutator(s) 
1A + 1-1 ge (0) 67,56 (0) muté 
B - 1-7 107,129(85) 26, V3 (1) muté + 

C 1-7 60,55 (0) 60.65 40) + muté 
D + 1-1 at. 4C0)) 34,23 (24) + 
2A esl ia () 46,35 (0) muté 
B + 1-7 16,5415? (GL) 14,8 (0) + + 
3A ee IPeissios) 267,17 (05 mee 
B + ea ie. (0) Ad 52 (2) mute 
C - 1-7 T4117 63) 14,10 (0) + + 
4A + 1-1 OF Dig) UD gs bec + + 
B + 1-7 144,93. (73) 533,44 (0) mutts + 
S - 1-7 Zio 6) 46,47 (0) + muté 
D ‘ 124 2,3 0) 38,33 (2) mut8 muté 
SA 2 sey: 246 300) 20,16 (0) Pie oe. ih 
B - Ta ZS sn hilie Aa) 59°48 (0) Fim: MLO 
G - La OLOSZeUPASH OS eee 22, (0) mut8 muté 
6A - 1-7 SOME Oy 9,9 (0) + + 
B ~ 1-7 29,19 (0) 60) © .00.) +  muté 
7A + fe 5.2% “Cp 31, 27: 400) mut8 mute 
B - Ley 1327 (oy Ziel B60) + 
¢ 1-7 639.5 1m) 14,14 (1) ie ve 
pe - rhea Selec on LeesO At) mut8 muté 
ga? 2 17 632,595(96) "2.25: 160) mut& muté 
B + eal 040. 00) 60,31 60) + muté 
C - 1-7 Cielo. GO’) Log. 4i0)) t + 
D + 1-1 Bay 0) 20) alt ICD) mut8 + 
9A + 1-1 One s60) B70 iS) +  muté 
B - 1-7 2554 iL) 1656 ut) + + 
10A° - i 738,807(347) 19,18 (0) mut8 muté 
B : 17 Bee Se clio): ©. 15573900) +  muté 
C + 1-1 Peele C03) 20 no et(O)) mut8 + 
D + 1-1 OF 07.560) 12 OaC0)) ie of 
12A + 1-1 O5,04/¢(03) 252000!) ca 
B + $21 10.060) 52,30 (0) mut6 
C : ley, 55,57 (1) 34,41 (0) + “mté 
D ~ 1-7 70,48 (48) Pa bas ee ICOM) muté8 + 
14A + tot 200) 10,20 (0) mut8 + 
B : shy 27520) (0) 46,48 (0) +  muté 
C = 1-1 2eese (0) PAIRS Cente GO) mutsé ve 
D X G57 33,46 (0) 82,47 (0) + mut6 


** Numbers of prototrophs existing prior to growth on limiting 


medium are parenthesized. 
o Spores fail to grow when replica-plated to YG medium. 
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+ muté 


TABLE 112: Phenotypes of spores recovered from cross RO512( 


Segregating Prototrophs arising** 


Strain alleles at on limiting Designated 
ROS12- hom3 his1l histidine lysine mutator (s) 
1A 4: 1=4 e230; «(0) 525 520,61) + muté 
B - 1-7 304,299 (61) 15; 14°60) Wie le 
G + 1-7 1290,1090(61) 30,21 (0) muté mute 
D - 1-1 ORC) ier tO) ~ + 
2A + 1-1 O50. (0) 22.13) 40) ~ “ 
B - 1-7 187,219(19) 22,8 ) 0) mut8 + 
C + 1=1 2 OO) 12,27 £0) muté8 muté 
D - 1-7 FIZS Se) 59-46 CO) + muté 
3A + 1-1 LOT 0) 19; 14-0) a + 
B + Lat Onis (0) 29,46 (0) + muté 
C - I-7 21 2435901260205) 26,21 £0) mut8 muté 
D - 1-7 300, 218(54) te oO) mut& + 
4A + 1-1 QO. Loven AS, 41 1) + muté 
B . 137 80,71 .1(0) 47,34 (0) + muté 
G + ea 205) #(0) O47’ 61) mute). + 
D - 1-7 357,299 (66) Une. fe) muté + 
SA - 1-7 154,141 (0) 41,46: (0) + muté 
B ~ teal £0) 25CG)) 99 462) muts muté 
C * eal a4 4 COn 18:,27 40) mut&S + 
D PET 67,45 (3) 712-.(0) a + 
6A e fot pa 16,14 (0) 2 a 
B + 1-1 Ale A 8 5035501.) mut8 muté 
g - 1-7 295) 512 (60) 15,24 40) mute + 
D Ee ey 74,91 (0) 52.44 C0) + muté 
7A + 1-1 O20, 49) 45,54 (0) + muté 
B - 1-7 Oa 3 (0) AS44462) + muté 
C - 1-7 266 ,246(54) 20,2460) mut& + 
D + eo 2 4x (03) 225, Noe) muts + 
8A 4 1-1 OF” (0:) 535,59 HO) + muté 
B ~ 1-7 wal CL) AS, 53° 809 + muté 
C + 1st <0) 19,29 (0) mut8 + 
D - 1-7 24h 190 (22) 22,26 (0) mut8 + 
9A - 1-7 PORT AGO) 12,8 @ ~ + 
B - 1-7 9055923(407) 15716. 40) mut8 muté 
€ 1-1 els G0) 27, 5200) mut&8 muté 
D + Ved 1.0 (0) Asi (0) te oh 
10A + Lak 0. (0) 32,25 (0) mut8 muté 
B - 1-7 #90), 21970) 16,20 0) mut8 + 
¢ 1-7 72,85 (0) 19 980) + 4 
D + 1-1 Or Oey Gar 46,35 (0) + muté 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 
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TABLE 112: (continued--experiment #2) 


Prototrophs arising 


Strain on limiting Designated 
ROS12- histidine mut(s) 
1A ERO (0) + 6 
B 188,195 (58) 8 + 
C 8 6 
D 00 (0) ° + £ 
2A Obs (0) + + 
B 99,110. (ive) 8 + 
C 8 6 
D SU, 26 (3) e 6 
3A 0,0 (0) + + 
B at (0) + 6 
e 1066,889 (153) 8 6 
D 209 253. ably 9) 8 + 
4A 0 (0) a 6 
B 57,19 (2) + 6 
C 5755 (0) 8 + 
D 1226 1:20 Lo ie 8 + 
SA 41,28 (1) + 6 
B PAO (0) 8 6 
f 6,1 (0) 8 e 
D Ait (0) + + 
6A 1,0 (0) + 7 
B 8 6 
G Zo 1,205 (70) 8 La 
D 25,25 (0) ‘. 6 
7A 2,0 (0) + 6 
B 554 (0) f 6 
C 1O7al74 4 (55) 8 + 
D A? (0) 8 + 
SA O08 (0) F 6 
B 39,20 (0) a 6 
C 6,8 Gin} 8 ie 
D Roletes 6.(33) 8 7 
9A PS.ekS (55:) ue 
B 8 6 

fe ih (0) 8? 6? 
D O30 (0) Se te 
10A IRD: (0) 8 6 
B 165575 (43) 8 + 
C 1549 (@) + = 
D 1g) (0) Ue 6 


* 'Jaekpot' (In these cases unparenthesized numbers 
include pre-existing prototrophs. ) 
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TABLE 115: Presumptive Zys1-1 locus (red) revertants arising on 
limiting lysine in haploid strains segregating for muté 
mut7 or muté 


Strain Designated Red Strain Designated Red 
RO86- mut Revertants RO506- mut Revertants 
1A is 4 aoe 1A 7 ? (eg 
5A Ve ? 23 2B - + 170 
6A a ? 30 D 7 ? 530 
B y; hi 8 3A 7 u Lops 
7A 7 6 6 D + + Ov 
10B + + 1 4C + LO 
15A 7 ? 15 5A + + WAG) 
16A + 6 6 6C 7 ? 24 
G 7 a 2 7A + 6 10 
24A 7 i 7 B + a bao? 
26D 7 z 16 8D + = Sea 
28B 7 ? i 10B = 2 4,0 
32C is ? i) 
RO106- 
3A 8 + Lek 
C + + wk 
4A + uF Sl 
B 8 + 4,5 
SA 8 + 59,45 
OB + + Oey 
10C 8 + Sib 
12A 8 + 25.0 
14C 8 + eZ 
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TABLE 114: Mutation rates (M) of strains from crosses RO86, ROSO6, 
RO106, and ROS12 in terms of (unreverted) cells per Lassie 


Ces plate 
Lysine Cells/ Mz # Histidine Cells/ Mig 
RO hts1 Lassie plug yi Lassie plug i 3 
Mutator(s) strain allele score* x 10° x 10 score* en ONE x2 1:0 
muté 506-9B 1-7 35 178 Sez 38 126 13 
106-1C Wy 64(1) 96 28 28 104 us 
-4C " 47 de 13 36 116 13 
-SA rT 44 92 20 26 86 #5 
506-4D 1-1 59 LSy7. 18 0 LAE?) <—0,4 
106-1D At 62 154 ih 0 ESI, <035 
-8B if 44 160 i 4, 107 0.4 
mut7 86-16C 1-7 35(10) 91§ 16 Bie 1038 15 
muté 106-18 1-7 2541) 150 PinO 101 129 33 
-4B mt 21(5)) 172 6.6 94 146 Ze 
-5SA 1-1 20(9) 210 0 3 2 L0 
mutémut7 86-7A 1-1 38(1) 1028 16 0 688 Ot 
mut 6mut 8 106-5C 1-7 26 1908 Dol 740 149 208 
-4D 1-1 Si 1628 9.6 Z i Oy. 
512-5B Wy 9 558 6.8 0 42 <5.0-6 
-6B 4 46 181 a fa 4 89 139 
-10A 45 (3) a7, ila 4 76 Dive 
MUT™ S6278 127 9 114 Bas 
106-8C M LS 171 Bistif 17 130 5a 5 
-4A 1-1 9 143 Pods 0 LA <a 


* Average of two determinations. Numbers in parentheses are lysine locus 
§ Average of four determinations revertants 
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This mut6 mut8-mediated mutator phenotype was confirmed by 
data shown in Table 114. Oddly enough, the double mutant mut8 mut6 
has low rates of reversion for hisi-1 and lysi-1, including lysi-1 


locus revertants. 


g. mut9 (Tables 115-121) 

An allele of mut& (designated mut8-2) is present in the mut9 
strain RO79-8A (see section B2). Crosses RO89 and ROSO8 confirmed 
that there was a mut8 allele segregating from mut9-mediated Sensitivity 
to y -irradiation (Tables 115 and 117), as evidenced by the synergistic 
enhancement of hts1-7 reversion (strains RO89-1A and ROS508-1D), of 
hisl1-1 reversion (RO89-2C and ROSO8-2A) and of Zysi-1 locus reversion 
(Table 120; strains ROSO8-1D and 2A) observed in several mut7 spore 
clones. 

The ut? allele has been assumed to co-segregate with SenSTeIVicy 
to y -irradiation in this study. The mut9, presumptive non-muté8-2 
(based on low fzsi1-1 Lassie scores) strain RO89-2D was crossed to a 
mut? strain, and the resulting diploid, RO507 segregated only for 
mut? and mut9 (Table 16). It may be concluded from the data shown 
in Table 16, as well as that from Tables 115 and Py that. wae?) muted 
strains have drastically reduced viability. Six presumptive mut 9 mut7 
Spores failed to form colonies. Recoverable "double mutant" spore 
clones were often reverted for either mut7 or for mut9, or were contaminants 
(see ROSO7-7A or 11C, Table 116). Lassie tests of viable mut7 mut9 
strains indicated that both ”tvs1-7 and lysi-1 reversion frequencies 


were reduced in these strains. The third cross of mut7 to a mut9 muté& 
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TABLE 115: Phenotypes of spores recovered from cross rosg Ce =e) 
Segregating Prototrophs arising** Survival 
Strain alleles at on limiting at. after Designated 
RO89- homs htsi histidine lysine SowG: "y mutators 
1A - 1-7 495 (6%) Oat Gos) - . fe tee a 
B 1-7 Saco) dy} (0%) + + TF hk eee: 
C + 1-1 2. OD) HG? {50)) - Toa voy diets 
D+ + 1-1 0:50, 60) 12,24(43) - = Le eg 
2A - 1-7 55> AZO 48: (0) - + 7 + + 
B 1-7 70,66 (54) S07 (0) 4 - woe Ss 
C + 1-1 44 (34) Tone (0) - + fede G 
D + 1-1 Ov" oF (0) + - ce. Mie ho ab a 
3A + 1-1 Oy pelts) S0ee (0) - + A ee 
B = 1-1 ZO) 14, (0) - + + + + 
C - 1-7 G57 (29% POA 2) + - me Ae ae 
Dt - Boe 2h es 210 (Sa Omeos Ll) - - (a ale 
4A + 1-1 a) Somel) - + eA ve 
B 1-7 3 ASS I) - - Ge. a 
C + 1-1 Joh 308) SO e C11) & - fees hy OS 
D =v Aer 92 17 G03) 5 1(0) + - Lae ee! 
SA + 1-1 OF (0) See O) + 2 sai UNA 
B + 1-1 Ory (07 OY) + + 1a Cae) Uae 
Cr + 79 AZ (SUS) Ee ISH 0 (0) + + 
Dt 
6A + 1-1 P41( 05 aL YC03 . - PR fe O. 
B ot lea Lv(0) 34% (0) - + Lh at 
C - 1-7 557 ¢ikO9) Oc eens) + - san Ay AI: 
D - 1-7 40 (2) AL GY) - * 7 + + 
7A - 1-1 Ae (0!) 89 (30) = - $9 
B - 1-7 35 (2) Sr CO) + + t f+ 
C +e apled Ly) 55 (0) - + ecg nae c 
Dt - 1-7 244,199(90) 53,33 (0) - - Cea o 
8A - 1-7 Sh Fu) A Drie 14s) - + a 
B . 1-7 56. (4) 55> SOD - ‘ 7 + + 
C + 1-1 770) Ls C1) + e Peo OG 
D v 1-1 Sac) 67s, 1G) + - t+ 9 8 
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TABLE 115: (continued) 


Segregating Prototrophs arising** Survival 


Strain alleles at on limiting at) after Designated 
RO89- homS htsl histidine lysine SORC Se OY mutators 
9A - 1-7 S42 (iG) 40 (0) - + (aa abso 
B + 1-1 Gh (60) 0 chess) S Tao. Wace 
C + 1-1 G46) fee CO + + + + + 
Dt + 66,91 (5) Vo52 C185) + - 
10A + 1-1 en CO") Soe (da) ~ AMEE ®ick 
B - 1-7 558 1ELO) 24 (0) + + - tH 8 
c + 1-1 de 10) P5oK' (O09 + - G09 + 
4 


Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

'Jackpot' (In these cases unparenthesized numbers include pre- 
existing prototrophs. ) 

t Semi-lethal spores were recovered as 'pinpoint' colonies. 
Several of these show unexpected phenotypes (see text for 
further discussion). 
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TABLE 116: Phenotypes of spores recovered from cross roso7 He — 5) 
Segregating Prototrophs arising** Survival 
Strain alleles at on limiting at after Designated 
ROSO7- homs hisi histidine lysine 56°C Y mutator(s) 
1A - 1-7 58464 762) 97,163(0) + - + mut9 
B + 11 tg oO) 555250 OF - + mut? fe 
G - 1-7 80,84 (3) PTSE LS ZS) + _ + mut 9 
D a Piet Pav bogs i 65,53 (0) - cae UO avira tile ® 
2A + 1-1 ASO en 1654150 (2) + - + mut 9 
B - 1-7 A0 2500s) AO. ett 0) - - mut? mut9 
6 - 1-7 5 ON ey a Om izca ks) + + us ae 
D + 1-1 i pe Bil 8 GC) 56,40 (0) - a mut 7 + 
3A + 1-1 2.05 e038 Boswil 1) - + mut? of 
B - 1-7 OS: PZ OCOe) 1o53173.(0) + - + mut 9 
C - 1-7 66,438, (5) 71358 .(0) - + mut 7 3h 
D + 1-1 55. (0) 167,,181.(0) + - + mut9 
4A - 1-7 Tai2645 (2) £7 25206) + - +  mut9 
B - 1-7 709 74¢ £4) TSROV GLO ) - + mut7 + 
fe + 1-1 SS OSb we COs 19eb I-60) + * Wa a 
Dt 
SA + 1-7 523594(1) 48,44 (0) - + mut 7 . 
B 1-7 765 95%(2) 2158237 (61) + - + mut9 
C + 1-1 Os4 «{0) 544 560,0) - * mut 7 + 
D - 1-1 DZ Od 148 ,166(52) + - + mut 9 
6A = 1-1 05.05% (0) 17 549% (0) + + + 
B = 1-7 143 23a 613 20519460) + + + + 
Cr 
7AT ~ 1-7 1852 lat 0) 14; 20° (0) + + + aa 
B = 1-7 16,485 .679 8,49, (0) + - us ay 
Ct + tert tO =e (0) ZATRZ1S6195)* .= - mut? mut 9 
D + ie hh 050 (0) Ziel: 72x Os) + + $ - 
8A + Lot Soe HCO) 66.34 (0) a A mut? Be 
B + 1-1 LS OeHtOF 1794.67 60) 7 +. a. 
G - 157 78582? (3) 184,158(3) + - + mut9 
9A = 1-7 96,105(1) 136,4754 3) + - + mut? 
B me 1-7 pay WR oy 8 GE ASA39: 0) - + mut? + 
ae 1-1 15084 (03) 8,18 (0) ~ + + wt 
10A + sty) 1.2 SCO 166, 169(0) + - + mut 9 
B = 1-7 51658 (3) 57 , D4atO) - + mut? aa 
C - 1-7 LOR 260) Ly eecO) + + + - 
11A - 1-7 Fh 5g 20 0) 1451 6e0) + i ih as 
B 1-7 83,97 (8) 193,228(0) + - + mut9 
Ct + 1-1 OF C09 Ada Ss fa 0) - + mut7 + 
D + 1-1 Se ty So oe LO) - + mut7 aa 
**,% see previous table footnote. Tesem.-lethal,' pinpoint! 
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TABLE 117: Phenotypes of spores recovered from cross rosos 4 —=5) 
Segregating Prototrophs arising** Survival 
Strain alleles at on limiting at after Designated 
ROSO8- homsS hisl histidine lysine BO Gay mutator(s) 
1A + 1-1 LO (0) WS S54 (0) + + t+ + + 
B - 1-7 99587148) 1649966 (2) + - +e 
C + 1-1 O50 00) 42,61 (12) - - mn ane 
D ~ 1-7 535,466(14) 100,110(0) - + i ashen 
2A + 1-1 af Od CL) 91 100(5) - + Vina tii 
B s 1-1 cpp eee 109,104(0) 5 - eee bates 
C - 1-7 ZO 20960) AAA sepa) WAS Wier - Leake hye 
D - 1-7 9712300) 15,12 -(03 + + + + + 
3A - 1-7 42,50 (4) Deto0) °C0') - + Ne ha 
B + eal 1 20,7 aC) 8,15 (0) + + Ba ea a 
c + 1-1 VT 35: GOO) 49554 (7) - - 7 WG 8. 
D ~ 1-7 81,93 123) Deed eC) + - -  D 8 
4A + 1-1 SOr COD 104,83 (1) + - vied ee 
B - 1-7 1 pied 6 LH8 Basis) (.0') + + +t tit 
3 1-7 14 oS (A) Jive 1K Oe CO) - Ca, 
D + 1-1 Z Oy AGO) 40,53 (0) - Ge ae 
SA 5 1-1 ZA0 ¢€0) VS597 (9) + ~ De cxf 
B 1-7 GS, SID tl) 46,42 (0) - + 7 + + 
G + 1-1 14,7 (0) 58,54 (0) - ~ has: 
D - 1-7 S/, 332 154) 14,20 (0) + = + + 8 
6A - 1-7 SF AS ae) 40,44 (0) - + 7 +. + 
B * 1-1 Ora Vas) wal oO) + + a odes 
C 1-7 EE OS AC ONn ete lG ke - my ae 
D 1-1 Ee TAO) 59 5 Sa els) ~ - Mla ees 
7A - 1-7 2.01 1085 ) 7 2271 (0)) + + ee ea ee, 
B “ 1-1 1 10) 27(0} 9,102 4(0)) * + algae! Cae 
C + 1-1 45. (0) 28. 52 tds) - - ae RIN 6 
D - 1-7 486,449(20) 1529,1520 ¥ - - hee Tre! 
(55 2) * 
8A - 1-7 74,83 (25) 764,716(698)* + = Eun 8 
B ~- 1-1 es a 63,53) S5,0L6i02) + - BD 8 
c + 1-1 10s) 39 550160) - + i + + 
D - 1-7 50,43. (2) 47,60 (0) - 1» 7 +t + 
9A - 1-7 ASO 5) eee) OL LG + + + + + 
B 1-7 21-0 g LO L059)? Wt Osea) - Cae O 
C + 1-1 Oey 0) 1G pat West) + fie ke 
D + 1-1 Ser TON) Sd, C0) - - (ae. 
10A - 1-7 S35 0) 18,26 <0) - - i ops 
B - 1-7 179, 168(34) 46,55 (0) - ~ GR 
e + 1-1 1 1s 1605 13,05 40) + + a 
D + 1-1 AA 1 100) 16 SH(0) a “s + ote 8 


** Pre-existing prototrophs are parenthesized. 
* 'Jackpot' (unparenthesized numbers include pre-existing prototrophs) 
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TABLE 118: Phenotypes of spores recovered from cross RO109( EY 
Segregating Prototrophs arising** Growth 
Strain alleles at on limiting arter Designated 
RO109- homs htsi histidine lysine Y mutator(s) 
1A = vag 955 teat) Psy 21) - + mut9 
B + et 1,4 (0) 99,98 (1) - + mut9 
C + 1 725 SGD) 2119) iO’) + mut8 + 
D - 1-7 led ts9s2) ~S0,26).(0) + muts 4 
2A - 1-7 5D oun 95,138(0) - + mut 9 
B ~ 1-1 i estima 618.8) LOR (0: + mut 8 oo 
¢ + sh) Dee eet) LO7 GAS 2011) - + mut9 
D 1=7 136, 176 Ci) Jan 2a} + mut8 aa 
3A = 1-7 9222 S(t Sa ere a CO + mut 8 + 
B + i=) 1 ial hes (8) 166599) (1) - + mut9 
C - 1-7 136; 84 -(160)- 26.32 -(0) + muté ~ 
D + 1-1 0.0%, ACO) 108,97 (3) - + mut 9 
4A + 1-1 O22. C0} b35e L8G?) - + mut 9 
B - 1-7 POG Otel). holo (5) - + mut9 
G - 1-7 DZ LT ACO) 22 kS: (0) + mutés + 
D + 1-1 a 45 (00) 27235 (0) + muté + 
SAt + LO7 60% (1059), 15.249 (2) + 
B - 1-7 26947 (2030 324 24 G1) + muté ~ 
G - 1-7 TOG 246 (a) 194 5134(0) - + mut9 
D + 1-1 35 LO) 1340, R187 ) - mut 9 
6A - 1-1 Ono re 0) 120,007) - mut9 
B + 1-1 i O.45(0)) LOG LAER) + + 
( - 1-7 63,90 (7) LAS We 2a) = + mut 9 
D + 1-7 T3414 73) 25., 25000) + muté = 
7A = Leg 605. 73..(5) 14659561) - + mut 9 
B = 1-7 108, 3 28:0258) 17 924-7(0)) + mut8 + 
c + hell OOF" (CO) 142, 186¢1) - + mut9 
D * 1-1 Sie ee Co 23 Ory) + mut8 aa 
8A - 1-7 P24 785. (75) 1825 (2) + mut8 - 
B + 1-1 23 0c 7G) 131,148(18) - + mut9 
C + tesa) Toe CO) 2528200} + muté rs 
D - 1-7 83565" C2) 17433862) - + mut9 
OA + Ley reser Dg Leds CO) - + mut 9 
B + 1-1 Br oak LCG) 20525 CO") + mut 8 + 
10A - 1-7 185 7225:(35))  109794.-(0) - mut8 mut 9 
B S 1-1 TOMO) 137,, 149 (2) - + mut 9 
C = 1-7 Pe ha. 00) 15318) (0) +/- oa oa 
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TABLE 118: (continued) 


Segregating Prototrophs arising** 
Strain alleles at on limiting 


RO109- hom3S hts1l histidine lysine 


11A Bh aes 4,6 (0) eo he fel 
B ie eT 1203 E7181) 
C sy Pe 85,78 (8) SPLSOCE) 


Growth 
after 
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Designated 


mutator(s) 


muté8 + 
f 
+ mut9 


oe 


** 


medium are parenthesized. 


Numbers of prototrophs existing prior to growth on limiting 


+ This strain failed to mate. The phenotype is virtually identical 


to a heteroallelic (at hts1) diploid's. 
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TABLE 119: Phenotypes of spores recovered from cross Roath Ge peco 


Strain 


RO514- 


1A 
B 


wo 00 NI OV w BS w No 
SQV ioe) a es! (@igloei = Lesh (ies Pas ea Gritse] Pe Leite) los) =) Blslwestos) => 


ery 
© 
Ql lest eee lege) (ooh p= ls)ii@ieoy Se 


+ 
+ 


Segregating 


alleles at 


homs htsi 


All are 
hom3s hts1-7 


Prototrophs arising** 
on limiting 


histidine 
98,120(€15) 
98, 145(23) 
27203 CLO) 
99,99 (8) 


95,91 (65) 
94,68 (42) 
81,56 (54) 
88, 109 (32) 


140,144 (47) 
43,47 (48) 
59,57 (25) 

145,80 (15) 


104,101(18) 
99,95 (23) 
70,85 (39) 

12294 (20) 


110,155 (53) 
64,49 (21) 
2119" (23) 

111, 100(13) 


95,60 (57) 
68,57 (16) 
89,94 (16) 
131,160(55) 


69,60 (14) 
118,132(35) 
121,85 (28) 

85,75 (32) 


92,99 (13) 
125,97 (14) 
91 75 3(21) 
93,103(17) 


119, 160 (28) 
28,35. £30) 
69,56 (25) 

112,110(14) 


7857 (39) 
13a Odlecse 
119,95 (43) 


medium are parenthesized. 


* 'Jackpot' 


existing prototrophs. ) 


lysine 


71,82: °(0) 
18,33 (0) 
107,99 (0) 
22 195 (0) 


27 9" (1) 
Girt (1) 
21,16 (0) 
93,80 (5) 


215 25° (0) 

12,169 (2) 

90,82 (1) 
107, 92: (20) 


S007 (1) 
10.27 (0) 
114,88 (18) 
15357 (1) 


25, 146-0) 
70,104 (0) 
13,178 (0) 
64,83(1) 


19,24 (0) 
B49 62) 
104,91 (0) 
19033-(1) 


95,80 (2) 
21, 30" (4) 
74,93 (0) 
16,31 (0) 


97.73. (0) 
77,91 (1) 
Oe 5.) 


Growth 


after 
M 


+ 


+ 1 


+ 


+ 
Li55,, 2044 (1195)* + 


87 12 tS) 
14,14 (1) 
27 20 iO) 
65,71) 


91,83 (1) 
108,107(0) 
18,19 (0) 


mut 8 aa 


Designated 


mutator(s) 


muté mut9 
muté8 + 
mut8 mut 9 
muté + 


muts + 
muté mut 9 
muté + 
muts 


muté + 
mut 8 + 
mute mut9 
mut8 mut9 


mut8 mut9 
mut + 
muté& mut 9 
muté8 + 


muté + 
mut8 mut9 


muté mut9 


mut 8 + 
mut& mut 9 
muts mut9 
mut 8 + 


muts8 mut 9 
muté + 
mut& mut9 
muts + 


mut8 mut9 
mut8 mut 9 
muté + 
mut 8 + 


mut8 mut 9 
muté8 + 
mut + 
mut8 mut 9 


mut8 mut9 
mut8 mut9 
mut 8 + 


Numbers of prototrophs existing prior to growth on limiting 


(In these cases unparenthesized numbers include pre- 
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TABLE 120: Presumptive Zysi-1 locus (red) revertants arising on 
limiting lysine in haploid strains segregating for mut9 
mut? or muté 


Strain Designated Red Strain Designated Red 
RO507- mut Revertants RO508- mut Revertants 
1D 7 + 14,18 1B SIGs Oo 2 
2D abe 25s D Pee Oe it 63,65 
SG i * LIS 2A Le O 68,80 
7D + + 2,0 B ees, 6,9 
8A 7 + 165410 3A ae ie 2 15%; .16 
9A “ 9 z,0 B Rag os ON2 
1G 7. + a US eel) D el Ouro 4,2 
D fi + defer 9 4A cree ite Sie) Se 2 
B t+ + + 220 
D ga alias L414 
5A Sayre tg Zid 
B CLE ee 7,14 
D + + + OZ 
RO109- 6A 7 + + Dy a 
B + + + 1h ey 
1B + 9 BRA C st Meatent ta) 2 
2A - 9 4,8 D Te rks 4,4 
3D . 9 5.65 7A On ae iS 
4A a o S30 B a 120 
8C 8 + 534 8B + AeBared 2n5 
10C 8 + ae 8) G Th et NALA a 
11A 8 - 10 9C ule ee OW eee yO 
B 8 + oad 10C ua tok (Ge 55S 
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TABLE 121a: Summary of haploid Lassie scores from crosses ROSO7 and 


RO109 

hAts1-7 H Mutator(s)t 
Geversion MUT mut mutZ mut& mut7mut9 mut&mt9 
Mean 14.5 81 39 135 ie £559 
ome if, 2 2.8 3.4 9.4 8 30 
lys1-1 
reversion 
Mean t5.25-7 145 52 MS oN 102% 

Oe) 4.3 Pa One 1 8 


Selene ema ee Pesce ee a Ree ie ie evel) Si 
* Only two determinations 
+ Only the allele mut8-1 was segregating in these crosses 


b: Mutation rates (M) from crosses RO89, ROSO7, ROSO8, 
RO109 and ROS14 in terms of (unreverted) cells per 
Lassie test plate 


Lysine Cells/ M Histidine Cells/ 

RO hts1 Lassie plug 4 Lassie plug 7 
Mutator strain allele score* x 10 x 10 score*® °x 10 
mut 9 109-1A 1-7 54 1225 19 100 120 
-6C My 88 52 28 76 116 
507-2A 1-1 Bag 2 yr sD Lz. i Oy, 
89-2D mt 57) 1228 20 ¢) 91 
mut7 507-2D 1-1 41(16) 142 12 1 92 
mut é 109-6D 1-7 34(4) 174 rey £33 163 
1-1 19(5S) 139 Sit), 5 dol? 
mut9nut7 507-2B 1-7 VALI 89§ 9.9 47 688 
508-1C 1-1 58(8) 1208 20 518 
mut9muts 109-6A 1-1 63 1338 20 4 £05 
mut Boye) 1-7 16 191 gis 23 eae 
508-1A 1-1 E505) 114 4.8 6) 128 
mut9mut8-2 514-2A 1-7 20(3) 2548 Zag 109 155 
ce! 508-2B 1-1 VX wo) 1398 Ze 3 948 


A 
S 
WN 


* Average of two determinations 

§ Average of four determinations 

t Counted after 14 days 

** mut8-1 is designated ‘mut&', unless otherwise indicated 
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Strain from the first cross produced mostly viable mut? mut9 spores. 
It is therefore possible that background genotype was affecting 
viability in these crosses, as was the case for crosses of mut? 

to mute. 

From the data shown in Tables 115, 116 and 117, mut7 appears 
to be unlinked to mut9 (1P:17T:6N). The mut9-1 allele does not appear 
to confer an enhanced htsi1-1 reversion frequency. 

Table 18 shows the tetrad analysis of a cross of the mut9 strain 
RO89-2D to a mut&-1 strain. The two loci are linked 
(30P:10T: IN, when the mut8-2-mut9 recombinant tetrads from 
ap less lst andain 7 are included in the estimate of linkage), 
separated by about 20 map units. Table 119 shows the failure of 
mut8 to segregate in a cross of a known mut8-1 strain to a suspect 
mut8-2 mut9 strain. 

Tables 12la and b summarize the Lassie scores and mutation rates 
estimated for mut9 strains uncontaminated with mut8-2. As with the 
mut? mute strains, mut? mut9 haploids appear to be less than 
additively enhanced for the expression of revertants per cell. The 
same appears to be true of mut8 mut9 strains (which resemble mut8 mutéd 


haploids). 


h. yvads2. (Tablesei22 123eand 124) 

A cross of mut7 to rad52 was made to determine whether the 
lethality observed in mut7 radé1 strains would be seen in mut7 
rad52 strains. The presence of rad52 in spore clones was detected 


by their sensitivity to y -irradiation. Table 122 indicates that 
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rad52 mut? was observed to be a lethal combination at 26°C. Two 
further crosses of mut7 to rad5i2 (Table 4) produced no viable double 
mutant spore clones in a total of 33 tetrads tested. However, 
tetrads from the first cross germinated at 15°C yielded ts, 
y-sensitive spore clones (Table 123). Unfortunately, the low 
temperature inhibits growth in many strains. Successful exploitation 
of this result would require further outcrossing of the pertinent 
mutators into backgrounds amenable to growth at this temperature. 
Hence, germination of strains heterozygous for muté and mut7 was not 
attempted at 15°C. 

Neither mut7 nor mut8 appearsto be closely linked to radé2 
(2Ps12T:3N' and OP:9T:0N, respectively), from the data shown in 
Tables 122, 123 and 124. The radi2-1 allele does not appear to 
enhance Ats1-1 reversion. It normally confers a six-fold increase in 
Lassie scores (see also Appendix Table Al), over Mur* strains for 
hts1-7 and lysl1-1 revertant frequency. A mut7 radd2 strain appeared 
to be reduced for both lys1-1 and htsl1-7 revertant frequencies when 
compared with those of either single mutant (Table 123). Additivity 
could not be excluded for reversion scores at either Zysi-—1 or 


hts1-7 in mut& rad52 strains, because rate studies were not performed. 
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TABLE 122: Phenotypes of spores recovered from cross Rootes ea 
+ radd2 
segregating Prototrophs arising** Survival 
SG vain) alleles at on limiting at. after Designated 
RO94- homs. his1 histidine lysine SOLC’ 2¥ mutator (s) 
1A + 1-1 OVO” *(0)) S90) + + + + 
B - 1-7 Slee) 5 400) ~ + mut7 + 
C - 1-7 b2)27 BO) 59,48 (9) ap - + rads2 
2A - 1-7 AN. 3 1 HS) 45°46, 02) + - + radé2 
B + 1-1 25 1 CO} 552 o PCO) - + mut7 + 
G - 1-7 12,15 4003 153.20 (0) + + + ~ 
3A 1-7 65 5063) Bie 21 4o + = + radb2 
B + 1-1 105 260) 25m 18700) + + t + 
c + 1-1 21 OH} 255 42) (60) - + mut7 + 
4A + 1-1 OF 0TPrrOn abs a a 6) + + + + 
B - 1-7 W174) 1089 (0) + + ~ + 
SA - 1-7 235301. (5 597 OL. C10) + - + vads2 
B 1-7 5on41 HG 55% 2b (0) - + mut7 + 
C + 1-1 050 “CO) TAL OCOD + + + + 
6A tie hed OF OP(O) > 2020: 80) 3 + mut? + 
B 1-1 52 et ON) A5~54 (0) + - + rvadb2 
C + 1-7 Tt £207 (0% 17714 (0) + + a + 
7A + 1-1 O50 00n 550) CO + + + ca 
B - 1-7 P25 Sy gt BS alga) - + mut7 + 
C - 1-7 25655 S089) SORO2 FCO) + = + radé2 
8A 1-7 29 S40 a) 2Pxa0) (On - + mut7 + 
B + 131 O A) #260) 57 43. Ale) + - + vradd2 
G - 1-7 9,147 (0) 1 ae OF + + + 4 
9A + Jed O20 VCOm 55e55'(0) - + mut7 + 
B - 1-7 3155 No6y. ~S0S 44 ey + - + radsb2 
C - 1-7 AQ, 27202) 227.29, (0) = + mut? + 
D + {1-1 feed We G81) SAA ee + + vadd2 
10A - 1-7 see bral WL 88) Ph AEDS + + a e 
B + 1-1 OSE COH Coc oyie) = + mut7 + 
C - 1-7 41 AZ SiG} AM Mey) + - + rads2 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 
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TABLE 123: Phenotypes of spores recovered from cross ROo4 a ) 
6 + radb2 
ate SEC; 
Prototrophs arising** 
Segregating on limiting Survival 

Strain alleles at histidine at lysine at at. after Designated 
RO94- homs hist ) 26:0 aS. Coen) 26sC mone 56°C. mutator(s) 
11A vt eal om Oly See aso = + mut? + 

Be a tot 2 jie) a! S(O) 4 + + + - 

‘eu al 7 117 62(P Bar wear |< i + rvads2 
12A aa | 1 1 (Oey Ly 5 (Onvaie : f ie 

B Laz 122°7) 26(0)e) 103He mo. = 2 + radsb2 

'g el We Ele 0 LO, doe le Coan Be + een 
13° re ele 2 OO 122 SO Gi 3 + rad52 

B® EOusiog 94rd 12.COM (Sen See + + #- os 

ce mea ELON, 80 G (Onn 135 Oe. = PTE ce er 
14° eel 110 (Om 1% (Oy, + f o i 

BP 0 1(0) 1 50). << L mut? rad52 

C lea! 0 OC} It 210i, + ft a + 
15A° * no growth no growth - - mut? radd62 

Be a het 95. SCO (Gu aeS GOdy et + + 

C re ee ST 100, S00)" “AGia tehd coy + + + + 
16A Beh ag] 109% 410 (ys) 94 818 (OU. + m + rad52 

B Sy iey 70 COW), 28 ea21K0y, + + Mae. PP 

g page Pio 0 O(n 62 (a. + : # rads2 
17A Poo ® ikea 0 1(0) 9 5 Oca aie + i 4 

Be eran a7 68" '36(0)'? 67%-*20 (0) = + rad52 

€ ee kg 56°. 4863) 30sec Oy = ~ Mat? oP 
18A ne ay 61 Oe 10D e 2 eee Gy) = + TE) Ue 

B te Adal 4 POV. [69a Ie CO, F : + vads2 

ce eo jad 0 2(0\ LAA NTO (ON) 4/2. &/- 

D ay 95°") 26 (0) -SSve20(0). + + é + 


Piscine ore AAO NY Ona mS De SSE Sh 2 Was fal SER Se ee ce he 3 SES 
ar eae O 
** Numbers of prototrophs existing (at 15 C) prior to growth on 
limiting medium are parenthesized. 
0 These strains fail to grow when replica plated to YG medium. 
* Lassie plates were incubated for ten days instead of the usual 
BK. 
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: mut 8 + 
TABLE 124: Phenotypes of Spores recovered from Cross RO111( " madsD 
Segregating Prototrophs arising** Growth 
Strain alleles at on limiting after Designated 
RO111- homs hts1 histidine lysine Y mutator (s) 
1A + ied De aks) PO Oy) + mutés # 
B = 1-7 G3 dane) Fenn) + + ca 
C 1-7 239 ,198(18) DLO SCs) - muté radb2 
D 1-1 “250m 7405 68,88 (3) - + vradb2 
2A - 1-1 San (05 TS 21°00) + mut 8 aa 
B - 1-7 6575450) BL FOTO) - + radé2 
C + 1-1 030 e260) 8), 17M (0) + + + 
D = 1 = 217527 SEZ) 87865 (0) - muts radb2 
3A - 1-7 160,134(18) Ticrel oor Es) - radé2 
B + 1-1 A356.) (CO)) 15,220 (0) + muté # 
C + 1-7 44,29 (3) Pe OueL) - + radsb2 
D - 1-1 HO (60) 13212. £0) + aa + 
4A - 1-7 106, 145(54) 20 5169-0) + muté + 
B - 1-7 16491361013) PttOes1* (0) - mut8 rads2 
C + 1-1 OVE ro) Se 60.) + + + 
D + i=, OF ht S30) 80,75 (7) - + radsd2 
SA + 1-1 0,0 (0) 16315 (0) + + aa 
B + (bese On Zi LO) Soe ois tly - + radb2 
‘ - 1-7 132 17 S500 7 Lge Oat OF) - muts8 radb2 
D - 1-7 129°. 159133) LL Lo 360) + muté 4 
6A - 1-1 5, OL noD 20R7248 (0) + mut 8 + 
B + 1-1 10 (09 24522 35) + aa + 
@ - i-7 192¢210(20) 66,65 (0) - muté8 radb2 
D - 1-7 A0,63 (5) 82,52 (0) = + radd2 
7A > 1-1 OF Os, COy D200) + x8 oe 
B = 1-7 179.,165,(14) Ze O) - mut8 rads2 
C + Ie ves es BL 6S 3/7 Sa/lG.) = + radsb2 
D ~ 1-7 143 LIS (SL) 22 26m) + nuce. ok 
8A 1-7 176,168(18) 69,99 (0) - mut8 radb2 
B 1-1 2, OO GO} 46,86 (0) - + radb2 
c 2 1-1 28 1(O5 TE COD) + muté + 
D - 1-7 16574). (0) 6, 13.00) + $ $ 
OA + 1-1 Soe) BC) Pa ae Som EO) + mut8 + 
B + ted Oe (i) 14,18 (0) + + oa 
C - 1-7 40,42 (4) Go,or CU) - + vrads2 
D = 1-7 144, 117 .(22) 2285. (0) + muté + 
10A + J 10 #60) 69,60 (0) - rads 2 
B - 1-7 55 S881) 58,568 (09 - + rvadd2 
C 1-7 104,129 (36) 2961195 C0!) + mut 8 aa 
D + 1-1 LO PSCO) LO Bb ieeo} + + 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 
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DISCUSSION 


A. Phenotypes of the mut7-1 and mut8-1 Alleles. 

This study has shown that a functional MUT7? gene is required for 
cell viability. The partially functional allele mut7-1 confers cde 
and mutator phenotypes, enhanced recombination at htal, and 
MMS sensitivity, as well as conditional inviability when combined with 
mute. These phenotypes all corevert with mut/-mediated temperature 
sensitivity. This allele is probably also responsible for the 
cessation of net DNA synthesis in a mut7 strain incubated at 36°C. 
The data from one cross suggests that mut7 may be loosely linked to 
lyst. 

The mut8-1 mutation is as enigmatic at the end of this study as 
it was at the beginning. Although it confers no known sensitivities 
to mutagens, it interacts with mut7, which does have altered repair 
capacities. The result of this interaction (in mut? mut strains) is 
an approximate twenty-fold increase in mutation rate for new 
auxotrophs, and for lysl-1, hom8-10 and htsi1-1 revertant frequency, 
over MUT" levels. Suppressor revertants of lysi-1 are only enhanced 
four-fold, whereas Mts1-7 revertants are enhanced fifty-fold. The 


mut8 locus is linked to mut. 


An Upper Limit to Spontaneous Mutation? 
There is some indication that if mutation rates were in excess 
of those observed in mut7 mut8 strains the result might be an 
inviable strain of yeast. Based on a Ait e0r increase in mutation 


rate per base pair per cell from 10 8, it may be calculated that a 
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Significant proportion of yeast cells will die due to mutations 
Occurring in essential genes. This expectation may have been observed 
as a reduction of plating "errrcrency in mur’ mute strains. The 
highest levels of induced mutation frequency rarely exceed 10 ! 

per surviving cell (compared to 10 * in mut? mut8 strains) for 
auxotroph induction in yeast (Lindegren, 1965) or 10 ° for reversion 
at a single locus in yeast (see for example, Morrison 1978). This 

may be due to the occurrence of numbers of forward mutations similar 
to those occurring in mut7 mut8 strains. In the case of lysI-1 
reversion there are more than ten loci affecting the metabolic 

pathway to lysine which may be inactivated by mutation, even as 

a lysi-1 allele is (UV-) revertéd "As Teversion rates per! locus 
approach 10 *, the forward mutation rate to lysine auxotrophy at lysi and 
other loci may approach 1. As this state is approached, the number of 
revertants per survtvor should achieve a maximum and then rapidly 


decrease. 


Be new wire Ettectu™ 

The presence of mut& is correlated with a stationary-phase 
enhancement of reversion for at least one test allele, Atsl1-7. It 
is not known whether this enhancement is due to cell arrest, or 
whether the mut8 gene product is expressed in the Gl stage of the cell 
cycle. It was assumed that the '"mut8 effect" was responsible for the 
enhanced numbers of revertants appearing in mut8 strains on the -his 
plates used to detect pre-existing histidine prototrophs in Lassie 


tests. But it is probable that this phenotype is not due to muté 
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alone. The effect was often reduced in mut& strains segregating from 
crosses involving mut7 mut& and muto. This was particularly evident 


in viable mut? mut8 mutéd haploids. 


Ges Wine as a cde Mutation 

The Gl, ede phenotype seen in mut7 cells suggests a trivial 
interpretation of the mut7 mut8-mediated, synergistic enhancement 
of spontaneous mutation. If mut8 confers enhanced Gl mutability, and 
if mut7 causes cells to spend more time in Gl at 26°C, much more 
mut8-mediated mutation might occur in the double mutator mutant. 

The observation that net DNA synthesis was halted in a mut/7 
strain held at 36°C seems” tomcontradictythe results of von Borstel 
and Johnston (unpublished data), which indicated that uptake of label 
into DNA persisted at a reduced rate for several hours following the 
shiftston 36°C. These data "are not ireempatibie if it i's* assumed 
that residual uptake is due to mitochondrial DNA synthesis (in the uptake 


experiment) or to turnover of DNA without net synthesis. 


ine The hitsi-1 allele and Intragenic Recombination at Atsi 

The genetic studies of mut7 resulted in the extensive analysis of 
two new Lassie test systems. The allele Atsi-1, considered to be a 
frameshift mutation by Magni (1963), was found to have very low 
spontaneous reversion frequencies compared to hts1-7. Low histidine 
Lassie scores were observed in all Atsi-1 strains, except those bearing 
mut8. This phenotype, together with the close linkage of hom to 


hts1 (htsi-7 in most crosses) permitted the positive identification 
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of a hts1 allele without the need for further allelism testing. The 
difference in Lassie test scores between the two alleles was also 
seen in diploids. In addition, intragenic recombination between the 
two alleles was easily observed as a five to ten-fold increase in 
histidine Lassie scores relative to the (htsi1-7) reversion frequency. 
The recombination test system could be improved by the introduction 
of arg6 as a flanking marker, and by the use of a his1-7 hts1-1 
double mutant control. Note that the system would be adaptable to studies 
of spontaneous recombination at arg4¢, hts5 or lysl, since all of 
these loci may be Lassie-tested. 
A study of ined | mitotic recombinants arising in the Lassie 
test revealed that these probably arose by the preferential conversion 
of htsi-l,in a MUT™ homozygote. This specificity was reduced in a 
related mut7/mut7 diploid. 
The above interpretation must be qualified by the following 
information. Crossfeeding revertants did not show conversion at ntel-1, 


The apparent conversion of htsi-7 was noted in six. crossfeeding 


prototrophs tested. This, together with the observation that 

certain MUT™ diploid strains produced no crossfeeders on Lassie test 
plates leads to several speculations. Either these strains are 

totally specific for wisl-1 conversion, or the conversion of hts1-7 

to + normally transfers an auxotrophic, second-site, crossfeeding 

allele to the converted strand. This allele may be missing in the 
diploids which did not have crossfeeder revertants. A third possible 
explanation is that some crossfeeders were dominant for hts1 prototrophy 


but often recessive for crossfeeding ability (Fogel et al., 1978). 
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However, no crossfeeders were observed in any haploids derived from the 
sporulated HIS" recombinants, other than those from crossfeeding 
prototrophs. (The suggestion which predicts that some strains carry 
a pre-existing, crossfeeding mutation in the hts1 gene would explain 
why roughly 80% of the Wts1-1 revertants observed in the study of 
Fogel et al. (1978) and in this study were crossfeeders. However, 
this interpretation requires that all non-feeder, Rs 7) prototrophs 
which arose in mut7 homozygotes were not converted, but reverted, or 
else not co-converted for the crossfeeding allele. While the above 
possibility exists it does not explain why certain MUT" , hts1-7 
homozygotes or MUL" /MUT” , htsl-heteroallelic crosses had no feeder 
revertants.) 

When other mut strains were examined for spontaneous intragenic 
recombination at htsl, only those bearing mutd were consistently 
observed to be different from Mur" controls. A homozygous Muto 
diploid was reduced for recombination, and several heterozygous muto 
strains also appeared to be reduced. The other y -radition sensitive 
locus tested, mut9, did not appear to affect #ts1 recombination, but 
this result remains to be confirmed in a genetic background free of 
mute8-2. The latter allele must have been present in the original 
mut9 strain used in this study, XV396-1A. (It had been assumed that 
mut7 and mut8 were different from all other mut loci, and the evidence 
from diploid complementation tests confirmed this belief, with the 


single "exception" of muté-2.) 
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Bs Dominance of mutes and muté 

Two observations were made concerning the dominance of mutd and 
mut6 for different repair parameters. The mutd (radé1) mutation 
appeared to be dominant with respect to MMS sensitivity. All muté 
heterozygotes studied were recessive for the spontaneous reversion of 
hAts1-7/nts1-7, except when mut8 was homozygous in the same diploid. 


The latter observation is discussed in the following section. 


F, Interactions of Double Mutator Mutants 
Tetrad analysis of _— => and of ae —~ strains bearing 


mutl, mut2, muts or mut4 has indicated that additivity of separate 
mutator activities could not be ruled out when accounting for double 
mutator mutant mutator activities (e.g. mut7 mut3). The exceptions 
were mutl mut7-conferred mutator activity for lysine reversion, which 
was synergistically enhanced, and mut4 mut7 and mut¢ mut8-conferred 
mutator activity at htsl-7, which were both less than additively 
enhanced. It should be mentioned that mut8 is the only mutator locus 
tested not to have interacted synergistically with muei for iysi—2 
mutator activity. 


No viable muts mut7 segregants were recovered from tetrads of 


FRG Cat 
i mute 


diploids in one genetic background. In another background, 
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about one half of the expected mut7 mutd spores were viable, suggesting 


that another genetic factor was responsible for the (in)viability, 

in addition to mut7 and mutd. Mutator activity was reduced in viable 
mut? mutd spore clones. The "mut& effect'"' was also reduced in mut7 
mut8 mutS strains, as evidenced by low numbers of pre-existing 


hig1-7 revertants observed in Lassie tests of those strains. 
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Strains bearing mut8 mut5 appeared to be less than additively 
enhanced for mutator activity at both his1-7 and tysl-1. However, 
rather than one mutator being epistatic to the other, it seems that 
there is a mutual Bei eiate of expressed mutations. It would 
appear that only mut8 effected mutation at htgl-7, while only 
mute effected lysl-1 (total) reversion in the double mutator 
mutants. If true, this may mean that the mut8 and mutS mutations 
cause these loci to mutate by mutually exclusive, but possibly 
competing mechanisms. Such an interpretation of epistasis may be 
expanded to account for the more complex situation observed in 
crosses involving muté. 

Double mutant mut? mut6 haploids express both hts1-7 and 
lysl-1 reversion as if the latter were mutG-mediated. In addition, 
the numbers of lZysl-1 locus revertants normally observed in mut7 
strains were not observed in an NPD-derived mut? mut6 strain. The 
“pathway'' interpretation of muté epistasis for mutability would 


predict that these two mutants block the same repair pathway, on 


the basis of their epistatic relationship. In addition, they should 


confer a similar synergistic effect upon a third mutator mutation in a 


different repair pathway competing for similar lesions. (Another 
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prediction might be made, based on the mut7 muté epistatic relationship. 


If repair pathway relationships hold for lethal interactions, muté6 
may also be lethal in combination with muté. ) 


The first prediction is partly borne out, in that mut6 muté8 


confers a synergistic enhancement of Wts1-7 reversion. However, for 


ltysi-1 reversion epistasis appeared again. 
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If mutual exclusiveness were invoked t@ account for this 
dichotomy, one might propose that MUTE” repair has no access to lesions 
which could mutate the Zys1-1 allele, and that the same is true of 
MUT?" repair and the suppressor loci. Reversion of his1-7 might 
be accomplished by either allele's gene product, but one should 
exclude the other, to account for mut6 mut8 and mut7 muté Synergistic 
enhancement of mutator activity at hisl-7. Such inaccessibility may 
be due either to bodnuen or enzyme specifities (for different 
substrates in the latter suggestion). 

The appearance of mut6/+ dominance for hts1-7/htsi1-7 reversion 
in a mut8/mut8 background may indicate that mut8 effects a type of 
lesion which repair processes resolve mutagenically. This might be true 
whether or not the MUT8” gene product normally contributes to repair. 


If true, such mut8-mediated lesions are probably not responsible for 


most spontaneous mutation at hisl-7 in MUT* strains, because of the 
normal recessiveness shown by mut6/+ re mutator activity at hisi-7, 
One further implication of the proposal would be that mut8& does not 
confer enhanced production of lesions at Suppressor loci... 

Finally, tetrad analyses of crosses of the alleles mut5-1 (rad51), 
mut9-1 and rad 52-1 to mut7-1 indicate that the y -radiation-sensitive 
phenotype is generally associated with reduced viability in strains 


also bearing mut7. 


G. Possible Reasons for mut7 mutS Mediated Cell Death. 
From the perspective of repair mechanisms in yeast, it is possible 
to construct models which may explain the mut7 mutS interaction. A 


trivial explanation would be that mut7 and mutS each block one of 
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two pathways for the repair of some common spontaneous lesion, whose 
presence would cause cell death if unresolved. Other pathways for the 
repair of this lesion would have to exist, however, or else mut7 or 
mute are leaky in some backgrounds. The presence of viable mut7 mutS 
segregants renders insufficient any simple explanation based on known 
or implied repair pathways. This is mainly because the latter cannot 
take cell cycle-mediated specificities, or overlapping enzyme 

Speci fi.ciutlesutor ae into account at this time. 

Another plausible explanation of the mut7 mutd-mediated 
inviability is that the presence of mut7 results in neighboring 
lesions being induced on both strands of a DNA duplex. In mutéd 
Strainsesuich overlapping lesions may not be resolved. Mowat (1979) 
and Resnick and Martin (1976) noted that two-strand breaks are not 
repaired in rad51 and rad52 yeast strains, respectively. Cross- 
linking agents are excised in a radd1 strain but this is followed 
by the inability to repair the double strand lesion induced (Jachymezyk, 
personal communication). 


The failure of mut5 homozygotes to recombine at 


htsl1 spontaneously (this thesis) or following UV-irradiation 
(Morrison, 1979). suggests that spontaneous double-strand lesions 
caused ultimately by base mispairs (at least in the case of MMS) must 
have functional recombination repair to be successfully resolved. 

Since mut? confers enhanced recombination in diploids, it may also 
provoke G2 chromatid exchange in haploids. Haploid mutd strains 
are sensitive to y -irradiation (Quah, unpublished data). Hence, 
the diploid phenotypes of both these loci may be acting in haploid 


spores to produce the lethal interaction. 
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In bacteria, several inviable combinations of genes associated 
with repair or replication have been noted; recA polA (Gross et al., 
1971), recB polA (Monk and Kinross, 1972) recA dam3 (Marinus and Morris, 
1974), and polA ltg4 (Gottesman et al., 1973). These indicate the 
interrelatedness of replication and repair processes in cell function. 

The inability of recA cells to resolve nicks or gaps in DNA caused by 

the presence of dam3 or polA is the probable cause of the lethality 

in recA polA or recA dam3 strains, while the polA lig4-conferred 
lethality was thought to be due to lesions created during DNA replication. 


A comparison of the mut7 mutd interaction with the above indicates 
that mut7-1 is not a recA or recB type allele because mut7-1 strains are not 
sensitive to either UV or y -1rradiation. Nor is mut7=2 likely to 
be a ligase mutant, since it complements cdce9, the only known ltg 
mutant in yeast, for growth at 36°C (von Borstel, pers. comm.). 
Louise Prakash (pers. comm.) has not detected altered polymerase 
levels ‘or activity, “compared €o™controls, in the vue strain 
RO428-6C. Hence the only remaining bacterial locus of the several 
noted above which may resemble mut7 is dam. However, one must bear in 
mind the possible occurrence of lethal combinations other than those 


described here. 


The postulated inability of mut7 strains to recognise which 
strand to repair is supported by the mut7 phenotype, which is reminiscent 
of both ethionine-mediated lethality, and of the dam3 phenotype, in 
BE, eolt. Ethionine inhibition of DNA methylation leads to arrested cell 
division because of the restriction of unmethylated duplex DNA. 


(Lark, 1968). The resemblance of mut7 to a dam mutation is noteworthy. 
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Both enhance spontaneous recombination and mutation, are MMS sensitive 
and cause lethality in a recombination defective background (dan 
mutant pleiotrophies were noted in Marinus and Morris, 1974). 

The high-temperature induced lethality observed in mut7 strains 
might be explained as an absolute failure to modify daughter DNA 
half-strands following replication. The apparent failure of a 
mut/ strain to increase net DNA when incubated at 36°C, while still 
incorporating label, could then be rationalized as due to degradation 
of unmodified DNA. Reduced modification of daughter strands in 
mut? strains.incubated at 26°C might prevent a mut7 cell from 
recognising and using the parental template for the correct 
excision of base mispairs. Such excision might be induced during 
replication,or excision repair. Instead, lack of strand recognition 
would lead to possibly overlapping -2xcision repair on both strands, and 
therefore to the mutagenic resolution of mispairs, to double strand 
lesions (if not breaks) and to recombination. Based upon these 
Speculations, one might predict that mut7 would be sensitive to base 
analogues, further enhanced for hts1 recombination at 36°C, and 
altered for DNA.modification,.particulariyrat «36°C: (Yeast have 


recently been shown to contain S5-methyl-cytosine: Hattman, 1978). 


One interpretation of the altered specificity shown by mut7 
strains during spontaneous hts1 intragenic recombination is that this 
mutator is no longer able to recognise a strand-specific marker effect 
in heteroduplex DNA. As a result, the spontaneous repair of neighboring 
mispairs might be occurring on opposite strands of DNA. The double 
stranded lesion created would mimic MMS damage in that both would 


then require the MUTS” mediated repair mechanism. The repair of 
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MMS-induced double strand breaks has been shown to require the presence 


of a duplicate genome in haploid yeast (Chlebowicz and Jachymezyk, 


1979). 

adhe total failure to repair base mispairs in DNA could lead to 
the eventual segregation of mutated duplexes. James and Kilbey 
(1978) observed that only 2% of all viable colonies tested had 
recessive lethal mutations expressed in Gl, when radi/rad1 excision 
defective, diploid, stationary phase yeast were U.V. irradiated to 
90% survival. 24% of the survivors had these mutations expressed in 
G2, while 25% did not arise until after the Gl of the following 
generation, or subsequent generations. It would seem that the 
failure to Teno ve oy onta ae dimers in rad1 homozygotes (see Unrau, 1971; 
Reynolds, 1979) allows that iesion to persist through replication 
(see Kilbey and James, 1979) and also seems to 
allow the enhanced segregation of mutations. A previous study 
(James and Kilbey, 1977) had shown that 17% of viable RAD” /RAD* 
strains had recessive lethal mutations expressed in Gl when similarly 
irradiated. Only 8% of the survivors had mutations expressed in G2, 
and mo mutations were observed to be expressed in subsequent 
generations. 

Lawrence and Christensen (1978) noted that at least one site of 
U.V.-induced mutation in the cyel locus was not a potential pyrimidine 
dimer site. Based on the implied existance of strand specificity in 
the repair of some types of damaged DNA, both of the above results 
may be explained, as follows. 

Mutations might be occurring in UV-irradiated rad1 homozygotes 


which recombined to resolve daughter strand gaps (Resnick 1976), 
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following DNA synthesis. Two potential results of this would be the 
generation of a two strand lesion (amenable to RADSI* repaix), vand 


an unbroken, dimer containing strand, as may be seen in the following 


diagram. 
a II 
Bue I lI I pyrimidine dimer 
II 
; / 
MRT — "ean 
¥ 
Recombination 
I 
; (LO 
; y T 
«HIRT receny 


X mispair 


The former might produce the enhanced UV-induced recombination observed 
in rad1 strains, the latter would result in the continuing segregation 
of dimer-containing DNA. If daughter strand base mMispairs existed 
in unmodified DNA (duplex b-d) the cell would not be able to 
recognize which base pair to excise, and so would produce an increased 
number of mutations. Furthermore, it is possible that mispairs 
arising near dimers would not be resolved eorrectly even prior to 
recombination since the parental (dimer-containing) strand might 
not be available for use as a template. 

The mutations expressed in Gl in RAD™ homozygotes might be due 


to mispairs created during the excision-revair of cimers on 
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modified strands of DNA, and opposite unmodified strands. The cell 
would have no modified template for comparison, and so would 
frequently misrepair the mispair. 

If the inability to repair base mispairs correctly is responsible 
for mut7 mutd ene how can the viability of some mut7 mutéd 
strains be explained? A defect in the excision repair of the types of 
damage to DNA that normally led to mut7 mediated misrepair might be 
expected to reduce mut7 muté-mediated inviability. It has recently been 
observed (von Borstel, pers. comm.) that a deficiency in the liquid 
holding recovery of U.V. damage is segregating in strains related to 
those used in this study. Interestingly enough, Strike and 
Emmerson (1972) ar that polA recB strains of &, colt (normally 
inviable) could be isolated in the presence of the spcA~ (exonuclease 
deficient? Kushner etal); W972 emutacion: 

Whether or not mut7 is shown to confer reduced strand-specificity 
of repair, mispairs arising during DNA replication or repair are a 
possible major source of spontaneous lesions. If it can be ascertained 
whether yeast possess a DNA modification (or other strand recognisant) 
apparatus for the purpose of editing this type of damage, one will 


be closer to understanding the origins of its spontaneous mutation. 
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TABLE Al: 'Lassie' phenotypes of spores from cross RO76 pre-grown 


(g) on YD medium 
Prototrophs arising** Growth 

Strain on limiting on Designated 
RO76- histidine lysine YG mutator 

1A 16,19(1) 18,23 (0) + + 

C 30 ,27(5S) 32,42 (1) - 

2A L7g45 - (2) 26,16 (3) - 

B Boge (4a 85522, (9) * f 

SG seo @(45 11,14 (0) + ri 

AD 18,174(19 £S 10 (0) + + 

5G 22,05. (2) 40,27 (84) - muté 

D 129) -f24 9,9 (0) + + 

6A 30,36 (4) ses (2) +/- 

D 23,30 (2) 52,45 (0) +/- muté 

7D 2014 ty 8,12 (0) - - 

8A 20 127501) 10,10 (0) + + 

OA 14,16 (1) 8,5 (0) + + 

D 45,52 (3 28,43 (2) - muté 
10A 13,135.18) 10,10 (0) + + 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 
6 Only Azvsi-7 is present in these spores. 
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TABLE Al: Phenotypes of spores recovered from Cross R069 (mut9/+) 
(i) 


Prototrophs arising** Growth 


Strain on limiting after Designated 
RO69- histidine’ lysine Y mutator(s) 
1A 100 (9) Goce) - mut? 
B FAs LOD Zh, XO) + + mut 
G + ca 
D 1552 *(4) 66 (4) - mut9 
2A 82.9) (26d 68. 200) - mut 9 mut 
B OF OL) 105 3603) ~ + + 
¢ LOS GL) 12 x0) + + + 
D E23) 623) 553i "C22 ) - MALS LImUe 
3A Pia eLS) Do een 6,3) + + mut 
B EO ee) 21 0) + ea + 
C Li2e S66) 76. (2) - mut9 
D 89 (4) 6/7? “Wi) - mut? 
4A 1027 6863 62. £58) - mut? 
B PAs Bel) teas 8) + + fa 
€ 95) C1Z)) 69 €1) - mut9 
D 44 (4) SS (0) + + mut? 


ee eee see Seen SSL ae kc. NRA ay ee 
** Numbers of prototrophs existing prior to growth 
on limiting medium are parenthesized. 
6 Only htsi1-7 is present in these spores 
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TABLE Al: Phenotypes of spores recovered from cross pog2 (Pagsz-1) 
(3) 
Segregating Prototrophs arising** Growth 
Serdait alleles at on limiting after Designated 
RO92- hom3 htsi lysine Y mutator 
1A All are 19 (0) + + 
B homs-10, 58 (0) - radi2 
C his1-7. — 66 (0) - rad62 
D 15 (0) - + 
2A 47 (0) - radb2 
B 40 (5) - rads2 
C 7 (0) * + 
D 10 (0) - $ 
3A 14 (0) + 5 
B 85 (0) - rads2 
G ay, (0) + + 
D 43 Ca) ~ rads2 
4A 12 (0) ~ + 
B Ci (3) - radb2 
C ES (0) + + 
D 65 (fe - radb2 
SA 45 (2) - rad62 
B 13 (0) + a 
G 5 (0) + $ 
D 87 (25) - rads2 
6A 16 (0) uf + 
B 47 (61) - radb2 
€ 72 (1) - radb2 
D 12 (0) a + 
7A 9 (0) + te 
B 46 (61) - radé2 
g 16 (0) + + 
D ae (3) - rads2 
8A 15 (2) + ahs 
B 43 (3) - radib2 
C 58 (0) - radsb2 
D iy (0) + ah, 
9A 10 (0) + Er 
B 14 (0) + + 
C 56 (0) - radé2 
D 43 (0) - radb2 
10A 59 (0) - radi2Z 
B 9 (0) - cA 
C 55 (0) - rads2 
D 10 (0) + + 


**Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 
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TABLE A2: Spontaneous appearance of histidine prototrophs in 
(a) diploid control strains for mut complimentation 
tests with double mutator mutants containing muté 


Pertinent genotypes Prototrophs arising** on 
Parents mut at_hiel ly histidine 3y histidine 
RO88-1A x»ut8 ded 6,4 1913 (0) 
RO88-7A muté& 1-1 Spa 20,7 (0) 
Sey 55,28 (0) 
RO88-1A = muté8 1-1 Oe Deal (On) 
RO105-2B + 1-1 Oar 0,0 (0) 
0,0 2.0 (0) 
ROSO8-3B + 1-1 0,0 i ee (0) 
RO88-7A muté8 1-1 Our eee (0) 
0,0 Ze (0) 
bz15- 1A + er 0,0 Le (0) 
RO105-2B + 1-1 0,0 Oo (0) 
10 OF2 (0) 
ROSO8-3B # vibe 0,0 130 (0) 
LZ13-2C “ 1-1 PA 2A (0) 
0,0 0,0 (0) 
LZ13-1A + 1-1] Ont A (0) 
LZ13-2C > j-1 0,0 ei? (0) 
0,0 250 (0) 
Ea 5-1A “ 1-1] 0,0 Hl a? (0) 
KF179-15A + 1-1 0,0 10 (0) 
0,0 0,1 (0) 
LZ13-1A “ 1-1 0,0 0,0 Cry 
RO428-6B “ 1-1 0,0 feel (0) 
OF 0 D2 (0) 
RO78-3D = mut 1-7 149,210 (346) 
RO78-8D muté8 1-7 12 ESO (202) 
2173200 (190) 
RO78-3D muté 1-7 22551 (24) 
RO105-1A + 1-7 26325 (3) 
21,8 Cs) 
RO78-8D muté8& 1-7 539 (23) 
RO400-10C + 1-7 Sad4 (E55) 
On Ls C23) 


ee eee en I ee Eat 0 SNORE ae he Sn ree 

** Numbers of prototrophs existing prio to growth on limiting 
medium are parenthesized. * 'Jackpot' (In these cases unparen- 
thesized numbers include pre-existing prototrophs. ) 
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TABLE A2: A. Verification of the presence of mutl in presumptive 
(b) mut/7mutl strains, by testing for diploid complementation 


with mutl testerstt 


Haploid Parents 


Presumptive muti 
mut 7mut1 tester 
Strain strain 
RO81-2A RO71-7C 
-3C -1D 
-4C -1D 
-5C -1D 
-6A -1D 
-7B =/G 
2206s ae 
-11A -1D 


Prototrophs arising** 
in diploids on 
limiting lysine 


5507558 
376, 346 


1850, 1850 
197,201 


386, 383 
306, 329 


859,804 
7572783 


398, 325 
104,107 


214,196 
O17271 


154,160 
1439, 1361 


(124) 
(1) 


Cios4)* 
(207) 


(73) 
(21) 


(692)* 
(693)* 


(4) 
(56) 


(253) 
(41) 


(21) 
(1362)* 


B, Verification of the presence of mut8 in presumptive mut8mutl 
strains, by testing for diploid complementation with mut& testerst 


Haploid Parents 


Presumptive muté Diploid Prototrophs arising in diploids** 
mut8mu tl tester hisi on limiting histidine 
strain strain Genotype ly histidine 3y histidine 
RO101-1B RO88-1A 1-1 1235 (0) 
1-1 163424" (0) 
-2D -1A 1-1 1339 (0) 
1-1 10.3 ke. (0) 
-7C RO78-8D 1-7 497 (434) * 
1-7 432 (S89.)* 
-8B - 3D 1-7 159 (436) 
1- 155 (342) 
-10B - 8D 1- 394 (608) * 
1-7 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

* 'Jackpot'(In these cases unparenthesized numbers include 
pre-existing prototrophs. ) 


tt See Table 78 for controls. tT See Table A2(a) for controls. 
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TABLE A2: A.Verification of the presence of mut2 in presumptive 
mut?/muté Strains, by testing for diploid complementation 
with mut2 testerstt 


Presumptive mut2 Prototrophs arising** Growth 
mut7mut2 tester in diploids on on 
strain strain limiting lysine MMS 
RO82-1B RO72-6A 85,97 (1) - 
87,106 (181) - 
-2C -1C 1207115 (6) - 
Gite OO key O2,) © - 
-3C -1C 132,124 (2) - 
LN gos Ws (2) - 
-5A -1C 95); 9 (2) - 
D7 it S (3) - 
-6B -1C 68,119 (17) ~ 
620,675 (647)* - 
-8B -6A 86,94 (11) - 
YLGR1 02 (4) - 
-9C -6A 40,59 (14) - 
100,101 (6) - 
-10B -6A 113.5 106 (0) 
B. Verification of the presence of mut8 in Presumptive mut mut2 
Strains, by testing for diploid complementation with mut8 testerst 
Haploid Parents 
Presumptive muté8 Diploid Prototrophs arising** in diploids 
mut 8mut 2 tester hts1 on limiting histidine 
strain strain genotype ly histidine 3y histidine 
RO102-1B RO88-7A 1-1 sim Veh (gn) 
1-1 A WeseN Ga 0) 
-2B -7A 1-1 Pg 7 0)) 
1-1 20, 8). 10)) 
- 4D RO78- 3D 1-7 102 (237) 
1-7 230 (105) 
-6A RO88-7A 1-1 S264 60) 
1-1 be paielen 65 
-7B RO78-3D 1-7 161 (154) 
1-7 21%, (165) 
-10B RO88-7A 1-1 Demy 
Te LD, LOO) 
** * Sees ne preceeaineg staple, 


tt See-Table 78 sfor, controls. 


(c) 


Haploid Parents 


t See Table A2(a) for controls. 
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TABLE A2: A. Verification of the presence of mut3 in presumptive 
(d) mut/muts strains, by testing for diploid complementation 


with mutd testers Tt 


Haploid Parents 


Presumptive muté Prototrophs arising** Growth 
mut 7mut 3 tester in diploids on on 
strain strain limiting lysine MMS 
RO83-1B RO73-2A 30,21 (0) j 
34,30 (1) - 
-4C -2A 38,42 (82) - 
45. 92 (0) - 
-6A -2A 40, 36 (0) - 
Zh. 3z (0) - 
-9B -2A 92,79 G91) * - 
20,16 (6) - 
-10A -2A 35), 1 (2) - 
40,33 (0) = 


B. Verification of the presence of mut&8 in presumptive muté&mut3 
Strains, by testing for diploid complementation with mut8 testerst 


Haploid Parents 


Presumptive mut3 Diploid 
mut 8mut 3 tester hts1 
strain strain genotype 
RO103-1A RO88-1A 1-1 
1-1 
-2B -7A 1-1 
-1 
-5B -1A -1 
1-1 
-6C -1A 1-1 
1-1 
-8C -7A 1-1 
1-1 
-10A RO78-3D 1-7 


** Numbers of prototrophs existing prior to growth on limiting 


medium are parenthesized. 


* 'Jackpot' (in these cases unparenthesized numbers include pre- 


existing prototrophs). 
tt See Table 78 for controls. 


Prototrophs arising** in diploids 


on limiting histidine 


228 
196 


t See Table A2(a) for controls. 


ly histidine 


(61) 
(59) 


13,6 
Tons 


1315 
8,20 
ty ett 
18,11 
beset 

8,8 

2147 
23,14 


3y histidine 


(0) 
(0) 


(0) 
(1) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
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TABLE A2: A. Verification of the presence of mt4 in presumptive 
(e) mut/mut4 Strains, by testing for diploid complementation 
with mut4 testerstt 


Haploid Parents 


Presumptive mut4 Prototrophs arising** Growth 
mut/mut4 tester in diploids on on 
Strain scrain limiting lysine MMS 
RO84-1A RO74-1B WANES (6) - 
a7 52 (0) - 
-2A -1B AOk27, (1) - 
Aigo (0) - 
-3D -1B Siow C21) - 
43,38 (4) - 
-5C -1B iA Z5 (4) - 
40,39 (0) - 
-7A -1B PaeS (0) + 
Sa (0) + 
=~8A > . RO?F4=3A Saher ke (0) - 
So. 53 (0) - 
-9C - 3A Zo AS (0) - 
214.5 (2) - 
10B -1B 20,54 (0) - 
PS) (0) - 


B, Verification of the presence of mut8 in presumptive muté&mt4 
strains, by testing for diploid complementation with mt8 testerst 


Haploid Parents 


Presumptive muté& Diploid Prototrophs arising** in diploids 
mut &mut4 tester hisi on limiting histidine 
strain strain genotype ly histidine 3y histidine 
RO104-1D RO88-1A 1-1 12 Osa) 
1-1 7aLoat Oy) 
-3B -7A 1-1 05:0) #(0)) 
1-1 UL C0) 
-4A aN 1-1 6,11 (0) 
1-1 16726 (0) 
-6B -1A 1-1 pS) a 
1-1 20520 5(0) 
-8B -7A 1-1 8,16 (4) 
1-1 LO pL 7. Gh) 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. Ti see Table-78 for controls. 
* 'Jackpott (In these cases unparenthesized numbers include pre- 
existing prototrophs. ) Tai see Taple AZ( a) for -contro.s:. 
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TABLE A2: Verification of the presence of mut& in presumptive 
cr) mutémutd Strains, by testing for diploid complementation 


with mut8 testerst 


Haploid Parents 


Presumptive muté 


mut&mutd tester 
Strain Strain 


RO105-1C RO88-7A 


-2A RO78-8D 


-5C RO88-1A 


-6A -1A 


- 8D -1A 


-10D RO78-3D 


Diploid 
hted 
genotype 


E 


a 
\ 
ey 


| 


hf 
| 
Ro 


| 


_ ay es —) js jan, 
| ' 1 | | | 
YQ bea} pe — pean 


Ee 
1 
Nl 


Prototrophs arising** in diploids 
on limiting histidine 


ly histidine 3y histidine 

22 As 100) 
12516. (0) 

573 (463)* 

569 (oc8),* 
10),.4.2°° (0) 
14,14 (0) 
£2,135 '(0) 
PS L2a GO) 
LZ bh. CQ) 
£05161: 60) 

97 (141) 


188 (83) 
a a A 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 
* 'Jackpot' (In these cases unparenthesized numbers include pre- 
existing prototrophs. ) 
t See Table A2(a) for controls. 
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TABLE A2: Verification of the presence of mut8 in presumptive mut8muté 
(g) Strains, by testing for diploid complementation with mut8 


testerstt 
Haploid Parents 
Presumptive muté8 Diploid Prototrophs arising** in diploids 
mut8muté tester his on limiting histidine 
strain strain genotype ly histidine Sy histidine 
RO106-4D RO88-7A 1-1 15,13 (0) 
i 10,7 (0) 
-5C RO78-8D 1-7 262 (441) 
1-7 691 (610)* 
-8A -8D 1-7 496) (321) 
127 365 a (312) 
-10A - 8D 1-7 1098 (79) 
1-7 812 (943) 
ROS12~1C 28D P47, A0T) w(193) 
1-7 455 (228) 
-2C RO88-1A 1-1 T2S Lo) 
4 9,6 (0) 
-3C RO78-8D 1-7 141 (205) 
127 331, W220) 
-5B RO88-1A 1-1 So 60!) 
1-1 Stal) 
-6B -7A 1-1 L719 360) 
a | 11,6, (0} 
-10A -7A 1-1 LO LOM CO? 
1-1 LL apo sO) 


eee TY) 

**Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

* 'Jackpot' (In these cases unparenthesized numbers include pre- 
existing prototrophs.) 

tt See Table A2(a) for controls. 
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TABLE A3: Numbers of viable (transferable) spore clones per tetrad 
in sporulated diploids used in this study 


Noweroe Number of viable spores/tetrad 
tetrads 

Strain dissected Bua St) a ey alt Sel OL 
RO5% 130 10 Z2 40 33 ZS 
eh, 

XV379-20C 

RO31** if 5 5 1 0 0 
RO61 7 2 uf 1 0 0 
RO62 i if 0 0 0 0 
R063 7 6 ih 0 0 0 
RO64 6 6 0 0 0 0 
RO65 8 6 1 1 0 0 
RO66 8 6 2 0 0 0 
RO69 7 4 3 0 0 0 
RO71 15 ay 4 0 0 0 
RO72 16 £2 3 1 0 0 
RO73 16 10 5 a! 0 0 
RO74 17 ss 5 0 0 0 
RO75 16 aL 3 all at 1 0 
RO76 16 1% 4 0 0 0 
RO78 1 1g, 0 0 0 0 
RO79 16 14 2 0 0 0. 
RO81 LF ag R, Z 0 0 0 
RO82 16 10 6 0 0 0 
RO83 17 as, 2 0 0 0 
RO84 Li at 6 0 0 0 
RO85 50 9 IE, 11 3 0 
RO86 32 2 4 18 1 4 
RO88 17 9 7 il 0 0 
RO89 16 ll 3 2. 0 0 
RO91 16 >, 2 6 0 0 
RO92 16 i tT 0 0 0 
RO93 16 0 8 Zc 1 0 
RO94 1% 1 13 o) 0 0 
RO94 (15°C). 25 e144 493 1 0 
RO101 15 fi 6 2 0 0 
RO102 16 7 5 2 0 1 
RO103 16 i 4 x} 0 0 
RO104 16 8 5 1 2 0 
RO105 28 L3 9 3 3 0 
RO106 16 8 4 2 2 0 
RO107 16 10 5 0 a 0 
RO108 45 10 3 1 0 1 
RO109 16 10 4 1 0 1 
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TABLE A3: (continued) 


Noe sOL Number of viable spores per tetrad 
tetrads 
Strain dissected 4 ne ecw eel 4 0” 
RO101 13 10 al 2 0 0 
RO112 15 7 6 2 0 1 
RO113 26 a 10 4 1 0) 
RO117 10 0 0 8 2 0 
RO118 9 5 Z 1 J 0 
RO250 24 22 0 1 1 0 
RO25. 16 15 0 1 0 0 
RO252 aS 13 1 1 0 0 
RO254 6 4 2 0 0 0 
RO255 6 5 0 0) 1 0) 
RO400 ny 16 il 0 0 0 
RO4O1L 25 23 at 1 0 0 
RO402 oS Zt 4 0 0 0 
RO403 9 vs 2 0 0 0 
RO404 8 7 0 1 0 0 
RO405 8 s) 4 ail 0 0 
RO406 8 5 3 0 0 0 
RO407 ey 14 2 a 0 0 
RO408 28 26 2 0 0 0 
RO409 i 6 t 0 0 0 
RO410 5 4 1 0 0 0 
RO411 38! Za 20 6 0 0) 
RO412 Ji 6 I 0 0 0 
RO415 31 26 5 0 0 0 
RO417 16 14 2 0 0 0 
RO419 29 22 4 3 0 0 
RO421 8 3 3 2 0 0 
RO422 z 1 0 D 0 a 
RO423 9 6 2 1 0 0 
RO428 33 27 5 1 0 0 
RO506 13 10 3 0 0 0 
RO507 us: 7 6 0 0 0 
RO508 iy 14 2 a 0 0 
RO510 16 3 cai ih 1 0 
RO511 17 0 At 5 0 0 
RO512 aS 12 1 0 0 0 
RO513 13 8 3 ah 0 a 
RO514 1s: 9 2 zi 0 1 
RO516 84 45 “ 24 4 a 
RO517 90 75 6 5 Z Z 


* homozygous mut/mut8 strain. XV379-10A was donated by S.K.Quah 
** the same cross as RO5. RO5 was sporuated and dissected two to 
three weeks following mating. RO31 was sporulated three days after 
mating. 
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TABLE A4: Phenotypes of viable spore clones recovered from cross 


RO415 
(mut? hom3-10 hisi=7, 
+  hom3-10 htsi-7 
Segregating Prototrophs arising** Survival 
Strain alleles at on limiting at 
RO415- ade? arg4 cry] histidine lysine 56 Casa 
1A + = - 96 (17) 39 (0) - - 
B = + 25 (0) 11-40} + + 
G + + + As a | £0) :0') + 43 
D - + - 65° (9) ore GOn - - 
2A + + + 2 €L) 10 (0) a 7 
Bo - + - 69 (1) SO (0) - ~ 
G - - + i hae (PA EO" 00) + + 
D + s < 19°60) ae (0) : 
ne” - - + 25. (0) 7 (0) + + 
B = + + 96 (4) a2 (0) - - 
G + - - 25. 06) 2 61) - - 
D + eM eo 18 (0) 10 (0) + + 
4A é 4 Z 61 (7) 41 (0) s a 
Bo - + - SE Oe) Sa GO) ~ - 
& + - + Ze 60) 7 (0) m 2 
D + + - 21° (0) 13-60) + + 
6AT + + - 48 (5) 24 (6) - - 
B - - ~ 21° 0) Oe 60) + + 
C + + + OF 7) 29) +625) - - 
D - - + 2625) TO wd} + + 
7A ‘ 4 + 116 (1) 40 (0) ‘ 2 
B - - - Or (2) £000) + + 
& a + + 16 (0) PT (0) + “ 
D in + hs 19° (2) 34 (1) . 
8A + - + 39 (4) 5 (5) * * 
Bo - - - 34 (0) 19 (0) - - 
C - 67 (0) S20) - - 
D + + 52°) t0)) 8 (0) + + 
9A + + + 39 (1) Ei (0) + + 
B + + - 37 (8) 24 (09 - - 
C As + + 45 (3) ES 6353) - 
D . : : 35 (5) 5 (0) + 

10A - - + 13 (1) 9 (0) + + 
B + - + etl) a (0) + + 
C ms + ~ 118 (5) 46 (0) - - 
D + BS + 96 (1) 56, (0) - - 
11A + - - 1$6 (5) 56 (0) - - 
B - - + 2 (3) 6 (0) + + 
C - = 19 (0) 5 (0) + + 
D + z 93 (5) ste) - - 
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TABLE A4: (continued) 


Segregating Prototrophs arising** Survival 
Strain alleles at on limiting at 
RO415- ade2 arg4 cry1 histidine lysine Boat 34°C 
12A - - + 52 1) 14 (0) - s 
B + + - 94th) 44 (0) - - 
e - - ~ Soe) HZ C0) - - 
D + + + Det eOe) 60. (0) + 
13A + - + SAR (la) 39 (0) - - 
B + + + ea. CU TO. (0) + a 
@ - + - Za 2) Jae (Cy 
D - - ~ 28) (0) 7 eC} 
14A = - - 84 (2) Sano - - 
B + + - 20 (1) die 0 + = 
C - cf = JP 62° (1) 
D ~ - + 3460) 5 €0) 
15A + ~ + Sirs) 47 (38) - - 
B - - ~ £0: (0) 8 (0) + + 
¢ + + + 270) 132-60) + + 
D - + - O5r Gl) 62) (0) - - 
16A - + - 20 (0) 70) 2 + 
B + - + 5062) 2 (LD - - 
é - - - & (0) 6 (0) + + 
+ ‘ + Sy Ob) 44 (0) - ~ 
17A + - - bSe(2) 16 (0) + + 
B + - - 79 £2) 41 (0) ~ - 
¢ - + + 145 (1) 9 (0) + + 
“ + + 42 (0) 20 (0) : : 
18A _ - - FS A(53) LOT 0) + + 
B - - + 39 7(2) 220 (15) - 
6 + - - Patek) 22) + + 
D = + “ Da Cay SUA CO:) - - 
19A - - ~ es) 20 (0) + 
B + + 15°-(0} 8 (0) 
G = + + po (0) 40 (0) - - 
D = + - 52 sth) 18 (0) - - 
20A - - + 43 (0) 16 (0) + + 
B - - - 9 (0) 9 (0) + + 
C + + - 50) €3) 297 (3) - - 
D > - + 45 (3) Bach 1G) - - 
21A * + 2 id) 7 (0) if + 
B + 16. €0) 2201) - 
G - + + TACO) T4500) + 
D - - - 42 (4) 20 (0) - - 
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TABLE A4: (continued) 


Segregating Prototrophs arising** Survival 
Strain “alleles “at on limiting at 
RO415- ade2 arg4 cryl histidine lysine BoeC, 54°C 
22A - + - 87° (4) So (0) ~ - 
B + 4 + er aby) 8 (0) o - 
C + - + 1G TG eG 24 (0) - - 
D - + - TOY 67-0) 
23A = + + 41 (5) 44 (0) - - 
B + - - 12) (04 1k ° (0) f 3 
C + - + 10 (0) 14 (08 2 + 
Do - + - 53 -£0) Sle CO} - - 
24A + + - 17 (5) 43 (0) - - 
B - = + 52) (6) 47 (20) - - 
G - - - Barely 14 (0) + + 
D + + + a C1) 10 (0) + x 


=o SR ce ran as Ae kh a 


** Numbers of prototrophs existing prior to growth on limiting 
medium are parenthesized. 

p These strains failed to grow when plated to YG medium 

t Tetrad #5 was a false tetrad. 


Summary of Lassie scores from cross RO415 spore clones 


lys1-1 Standard No. of strains Standard 
reversion Mean Deviation Scored Error 

vse strains SoeU 1B heat 46 Len7 
Non-ts strains 9.4 % auld 46 0.6 
hts1-7 

reversion 

ve. Strains Dow Si 45 Yas 
Non-ts strains 19.0 1 AS Be 8 46 TAS; 
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Phenotypes of spore clones from a cross of RO428-6B'1l to 
RO78-3D. This Cross is identical to cross RO88 (Table 58) 
except that RO428-6B'1l is reverted for the mut7-1 


ST ee. (me?-1-11 __ + 
+ muté—1 
Segregating Prototrophs arising** on limiting 
alleles at lysine Suggested 
hom’ his1l histidine lysine (locus) mutator 
+ 1-1 8,6 (0) 20320) «O) mutés 
- 1-7 2 52%) KO) HO 14  4CO) + 
- 1-7 332 5473 C0) 2a wi) CO) mutés 
x 1-1 Or». (0) 9,9 (0) + 
+ 1-1 8,6 (0) LOo oe) 30 mutés 
- 1-7 137, 207s 210 )ea22. 26. (0) mutés 
+ 1-1 Ox (0) 478,487 (467)* + 
~ 1-7 Life Cl) eS) (0) + 
+ 1-1 Oat (0) Dla COD + 
- 1-7 FOS420 I (S022 hom aCO) mut 
- 1-7 JO SOM deo) AE Tica hee EON) ora i: 
+ 1-1 ° 8,6 (0) 136120 (695) 40450 muté 
+ 1-1 5340) CO) Lina8' .. CO) muté 
~ 1-7 18.207 (3) JP + 
+ 1-1 7,3 (0) 22419 (1) be) muté8 
~ 1-7 LO Z6 MO) PISS 52) + 
~ 1-7 294 VS2Z9 ALIS) B12 O94 CFT) muté8 
+ 1-1 O94 (0) 23° '049 + 
- 1-7 1325 VO5**C242) 528 , 248 C0) mutés 
+ 1-1 0,0 (0) 1255 (0) + 
+ 1-1 O20 (0) LOE 10F= (0) OF2 + 
1-7 9524 C2) ZBP6 (0) + 
~ 1-7 127,16) BOL9G)r 227-33. CL) Byes: mutés 
+ 1-1 6507, (0) 19RZ20 CO) muté 
+ 1-1 0,0 (0) Pan 2. 10) Pie) + 
- 1-7 L632 27 GCh) 8,9 Gp) + 
+ 1-1 ian (0) 1 oO.) muté8 
_ 1-7 22/5232 RISa)— 12 ore 40) 123 mutés 
+ 1-1 a0 (0) Zt, oe OD mutés 
- 1-7 L372 L0r Cy) 6a (0) 0:2 + 
~ 1-7 29.426 JG) £65 18-0) + 
+ 1-1 Tie (0) LSPs" 0) G3 muté 
+ 1-1 Weegee (0) TGSLS. CO) Bias) + 
~ 1-7 DIOLS 831.0) EO: (CO) muté 
- 1-7 488,505 (0) ee ana CO) muts 
+ 1-1 O23 (0) SSN CO) + 
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TABLE A5 (continued) 


Strain 


10A 


Segregating 
alleles at 
homs his 
~ 1-7 
+ 1-1 
+ 1-1 
- 1-7 
- 1-7 
- 1-7 
+ 1-1 
+ 1-1 


Prototrophs arising** on limiting 


histidine 
25, 20 CO) 
Getls ML) 
739 (0) 
AS PW LE) 
422022 (0) 
SA?) 360) 
16 (1)* 
Ot 3ic SCO) 


lysine 

lysine (locus) 
1037 (0) 

TSEC CCL) Lag) 
Deeley aC) 3.8 
112,99 (81)* 
DOO) | 052 
13 2 GO) Ont 

Je 

Za sean) 


Suggested 


mutatort 


ab 
mut 
muté 

Sad 


muté 
4 
4 

muts 


a ee a eee 


** Numbers of prototrophs existing prior to growth on limiting medium 
are parenthesized. 


* "Jackpot' (In these cases unparenthesized numbers include pre- 
existing prototrophs.) 


L 


Controls 


RO428-6B 


RO428-6B'11 


RO78-3D 
YO300-1C 


O40 | 40) 
Om ee) 
614,598 (0) 
79280 oS) 


r As determined by relative Lassie scores 


29,42 
13 311 
23 22 
12,9 


on limiting histidine. 


(0) 010s da 
(0) 05,0 
(1) 
(1) 


Note that no histidine Lassie score exceeds those of the muit8& 


parent strain and control, RO/8-3D. 
those of the mut7-1 control strain, RO428-6B. 
segregating, the probability that a mut7mut8 spore clone would not be 
present in eleven tetrads is less than 0.001, 


No lysine Lassie score approaches 
If mut7-1 were 


assortment of mut7 and mut& as seen from Table 58. 


presuming independent 
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Fig A2: Cosegregation of mutator activity and temperature sensitivity in spore 


clones from a wut//+ diploid. Lassie scores are of te (0) or non~ts (e) 
spore clones from cross 0415 (see Table AS). 
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Fiz A3: Tetrad numbers from points shown in Figure A2. Strains on or to the 
left of the dashed line are non-te, excepting strain RO415-12¢C 
(circled); strains to the right, are ts. 
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